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@ DNA promoter fragments from wheat 

The preparation and use o. nuCeic ac.d P-°- ^^^^^^^ 
<^e expression of selected genes in piants ""<*«^*'««;"*'^°"2^a AB^^^^^^^ transformation of 

Ooresponsive to abscisic acid (^f^'^J ^^^^S^^^^^^^ promoter fragments, operab.y 

^protoplasts and plant cells w.th '"f Jjf possessing ABA-iike activity. The 

« stable transformation in plants is disclosed, 
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DMA PROMOTER FRAGMENTS FROM WHEAT 



to 



RELATED APPLICATION 



This application is a continuation-in-part of copending application U.S.S.N. 174.744 filed March 29. 
1988. 

FIELD OF THE INVENTION 
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BACKGROUND OF THE INVENTION 
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eJT^^us tSLsta* the life cycle (conWled b, a consMv, ^'^'^■^^^^^ 

some products of thes genes, as well as some g nes ^ernselves f« "^'^^^^^^^^ 

The instant Invention focuses on the phytohomione abscistc acid (ABA). 3-methyl 5 (l hydroxy 
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Publ., N.Y. pp. 607 (laiw};. mom i» mvuiv^w ^^ennnc««5 ftf olants to Dhvsca perturbations or 

dormancy, inhibition of seed germination as well ^ '"J^^Pf""^^"* ^'^^^^^ 39:439-473 
stresses such as temperature and water (c.f^ 2««;'^^"f ^^^^^tS^^Ss^pS^ I.e.. 
(1988)). Numerous compounds have pp m 146 ( Ssl)). Our Immediate 

Se^rrr ^ofieTn:^^^^^^^ I'o ^^'^^ J^cesses: aicumu.ation o, storage 

reserves in seeds and the response of plarrts to water s^ess (droug^^^^ dramatically, as 

"^^il^^Li sn «arh ease is to identify the DNA sequences that control the expression of these genes in a 

S^TspSS aIa induction effect, nor did they report treating transformed tissue w,th ABA to detem,.ne ,f 

the foreign gene would respond to hormone addition. 

Gomez et al.. Nature 334:262-264 (1988). reported that when immature ma.ze ernbryo^ hke wheat are 

sefluence within the promoter region which Is essential for ABA regulation. 

sequence witnin ^^PJ^^ » 7-2279-2286 (1988). characterized the full genomic sequence of a 
...T^l!;^iZT2^oi.^u,i?^ABK as well' as by salt (NaCl). and water stress in numerous 
?!r.^r^ra^ooT l^ve^ ernt^^os suspension cultures. Although the complete sequence of the coding 
rSon (aoo^Za^ rr^^^^^ regulatory or promoter region (approximately 1.5 Kb) s given no 

region (approximately J L,i„ promoter region which are essential for ABA 

IB poKntial utility to achlov. exBmal control o) plam gene wpranion. Tb. 

^^2^"- ; J ^ian f.78 to -257) in different positions and orientations to the constitutive viral 3SS 

^^^S SnkeTtHeTe"^^^^^ ^''r^^^ 
'bp ^iS^ment'elnces 'expresf Ion of the CAT gene in a Ussue-speciflc 

However, delineation of the specific regulatory regions required these '"^^^J p**f ^, jLf ^ 
exprSsion in transgenic plants at the stage of seed fomiation. This required l°"9 P«"°^^« °^ .^jT; *™ 
X^tewerad and set seed (several months). Transient assays for promoter analysis have been reported 
Z rs^al^^to leilne^^ those promoter fragments that are regulatory. However, none of 
these reoorts which follow involve the use of a chemical Inducer. *.^«^c.nt nf 
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,37 .o .130) Of DNA was necessary to ^'^^^ ^r'^^^l""^ ^^cVr^:::'^^'':^^^!^^^ 
pres nc of two copies of the fragm nt tripled the «'*P^^f ^f^^^^S pS^^ Comparison of 
Sansfbrmed tobacco tissue were repeatable m a ^-^J^^^^^^^^ re^ns^rxpression of tobacco 
the level of CAT gene expression controlled ''^ 'jhe authors nevertheless Indicated 

01 CAT 24 hours later. altering "l. °' " ^ScS5 (^^1^ lh» P~<l"«on of CAT ur,a,r 

bp. respectively, of contiguous 5 ^^^'''^''^t.^. ^.^^^ ..^.^ continued the studies of the DNA 

« ..= o=fS;l^^r^^Sa^2^SS£'V=Tr^^^^^^ 

t e conlc«^^^^ stably transformed 'n»° '^'-^^^ .^l^ ' ^'^^^^^^ 

b..n frToS^ Ohomlcala ,n *e environment *a. '«»f -SoTJ^rZiSiSXeiS of S 

^Srr lf«rnr.^.^rT^nt,ng^jpV^^ a .r-gn gen, , 

to phoS. The foreign gene is controlled by phosphate in the culture ^ediunv 
'"'Despite considerable effort to ^^^^0^^^^^^^^ 

hormones, the signalrtransduction pathway from chemical *° 9^"® " ^^^e^ no disclosures of 
Sn"a.S'S'ir=?n ^I'^^^lir^^^rSrirJJi.eote. ..l. oa„ 
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Offer agronomic advantages. Further, this 3p« '^r:::r£:^:^6'' ^^^^'^ ^^'^^^^ 
through exposure to chemical substances which can be readily manipulated. 



SUMMARY OF THE INVENTION 
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A » exBmallv ccfl <te ewessloi. ot selecBd gsn» in plant ^'■<^^'':^j;?^^ 

STaTnS^a* promts. Iragmen. d«iv«l i™m «9"l.«»y 

ln««ion mvoWM a wcomblnant DNA construct capable ol modifying *e 

. .SSdaene product In a MalMy transtom-Kl plant comprtslng tne steps ol (a) prepanng 



"^'^'n^oTrofS^ess embodiment of the invention involves a method for controlling the expression of a 
selerd^YeToducn^^^^^^^^ comprising the steps of (a) 

DNA construct incorporating a nucleic acid promoter fragment o the ° jJ^/V?""^^^^^ 

Snted DNA sequence for a selected gene product, and a suitable regulatory sequence, (b) e'^^smg sad 
pJm to a ^oZunTpossessing ABA-like activity, and (c) causing said plant to express sa.d selected gene 

'"'TLIl'a^otcf o?Te invention involves a nucleic acid fragment for controlling over-production of a 
selectXne PrXt in P^^^^^^ -P°"- ^ ''^^^ht conditions comprising a nucleic ac.d promoter 
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««oiw« tn ABA inserted into the CaMV 35S promoter sequence. In this embodiment, it is 
S'Z^nlnT.Sfri » ,nc,^ lev,« o> ABA »e plan, -« «»9er .vr- 
pmduclion ot elected sen. p~a»B »«* «« P™!*" *° f^'' ^ ^ „„, <^ „ „„ bo.n ea-led 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Floure 1 is a Dhysical map of plasmid pBM108 as derived from plasmids pRAJ260 and pDH51. 
R?"u : 2 : phyS maS of plasmid pBM109 as derived from plasmids f^'^^^^^^^''^^^^^ 
Rgure 3 is the nucleotide sequence of the Em gene 5 flanking region from -1328 to +6 from the 
translational start codon. The translational start codon. ATG. is underlinwi. „pAcuti a 

Xvre 4 is a physical map of plasmid pBM113 as derived from plasm.ds pBM109 ^"f P^f Ji. 
Sre 5 IS a physical mi of plasmids pBMll3Kp and pBM311 as derived from plasm.ds pBM109 

' pTgure 6 is a physical map of plasmids pBM113A220.10. pBMi13A220.9 and pBM113A240.13 as 
derived^from Plasmid pBM1l3. ^^^^^^ ^ ^^^^^ ^^^^^^ ^ ^^^^ 

''^'^^ Haure 8 is a physical map of plasmid pBIVI1 19 as derived from plasmids pUCl8 and PRAJ275 

9 is a Phy^Sl mi of'plasmid' pC8l02 and pBM120 as derived from plasmids pDHSI and 

Rgure 10 Is a physical map of plasmid series pBMIBS and plasmid series pBM167 as derived from 
Plasmids pDH51 . a 56 bp oligonucleotide, and plasmid pBM120. obmi20 
Rgure 11 is a physical map of plasmid pBM152 as derived from plasmids PDJ^I PfJl^.^J 
S 12 is a physical map of plasmid pBM1170 as derived from p asmids 7 and pBIIOI .1 . 

Rgure 13 is a physical map of plasmid pBM1130 as derived from p asmids P^^I SKp and pBII 01.1. 
Rgu e 14 is a physical map of plasmid pBM3110 as derived from plasmids pBM311 and pBIIOI.1. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides nucleic acid promoter fragments of the Em 9^"%°' ^f'^^^* ^^^^ 
resoIJLe to Impounds % ABA-Iike activity to bring the expression of ^^A sequences for 

sicted geie products under external control. A major storage protein found in -^f . '! 
sSeslzed^Sy during the process of seed maturation. Its synthesis can be ^f^"''" 
Sn Of a radiS^ve Jno add 3ss.methlonine. Based on these characteristics Gn^^^^^^^ bea ns^cGT 
Rw^hlm e0 389-397 (1982) named this protein "early-methionine-labeiled". or Em. Em begins to accu 

Inliiot n>Mue embryos (Wlintmson end Quarano. Plant Physiol.. 66^8-2 5 J;" 1' ° „„a| ' 

„ o„, SO protalS appear » »e ,«,-la», m «. mjnnar PyA«,. JJ^'"^ ^^'^i^n"^. 
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into DNA or RNA polymers. As used herein. "DNA sequences for selected gene products f« ^ f 9®"^ 
nf DNrseouences hat codes for a specific protein. -Regulatory sequence;, as used herein, refers to a 
L^IlacT seauencr?^^ (5'). within, and/or downstream (3 ) to a DNA sequence for a 

oene oroducrXse franscriplion and expression is controlled by the regulatory sequence .n 
"^Z^Hi^^^to^^syoL^ apparatus of the cell, "me tern, "recombinant DNA construct" refers to 
ro asiSd vTrus. autonomouJy replicating sequence, phage or nucleotide sequence. °' ^ 

Inl-T randSl or double-stranded DNA or RNA. derived from any source. In which a ""["^er o nucteohde 
sS^n^rhSe been joined or recombined into a unique construction which is capabe of '"froj^jfa « 
pS^ fraJment J ONA sequence for a selected gene product Into a plant ceH As used herein 
-mroStylSonous plant" or monocot refers to a plant whose seeds have only one cotyledon, o organ o 
the eXo wh"S Stores and absorbs food. Similarly, "dicotyledonous plant" or d.cot. f ^rs to a plan 
whose Ss have two cotyledons. A -protoplast" refers to a plant cell without a cell wall or extracellular 

""^As used herein -transformation" means processes by which cellrtlssue/plant acquire properties en- 
cod^ on ^nuc^'acid module that has been transferred to the celi/tissue/piant '-'^^^^^"^^f^l^^ 
metSnds to Jansfer DNA into cells including microinjection, permeabilizing the ceil membrane with vanous 
Pl5 iS (SnK;opora;on, or Chemical (e.g.. polyethylene glycoi PEG) ^ ^^^tS^^^^^^ 

th/ host nuclear DNA by the bacterial vector Agrobacterium tumefaciens . As used here.r^. expos ng a 
p«topli ofa plant^^^^^^ chemical substance refers to treati ngnHSSbirng. contacting sa.d Protopl^^t or 
nUnt w!SiSe substance The term, "operably linked" refers to the chemical fusion of two fragments of DNA 
^^ p^Z^ o^^SZ er^ rL^ frLe to be transcribed into functional RNA. As -^^l^^'^^'^- ^^J^^^ 
"homo^us to- refers to proteins or nucleic acids having similar sequences of ammo ^^ids or nudeotdes 
rosp^c ively ie.. proteins or nucleic acids with the same structural or functional P'^^'^'^^^^'^^'^l 
-oxprS". as used herein, is Intended to mean the transcription and translation to gene P^^u^t from a 
a^ne cod°na tor the sequence of the gene product. In the expression, a DNA chain coding for the sequence 
HeTene product is first transcribed to a complementary RNA which is called a '^^^^^"Sf^JNA and 
*«n the mus transcribed messenger RNA is translated into the above-mentioned gene product. Express on 
Sh Ts conltSr^fuXr enhanced by an externally controlled promoter fragment thereby produang 
ex^esJ cooirS messenger RNA resulting in the accumulation of more than normal quantites of the 
Sted gene pTod'ct Ts ?eferred to as "ovlr-production-. The "translation start codon" refers to a unit of 
Sernucleotides (codon) in a nucleic acid that specifies the initiation of the stnjctural gene ^ protem 
TJqLce "S^^^^^ inducers" are compounds which Interact with promoters to trigger the expression of 
oo^ablv-Knked stmctural genes, selected gene products or reporter genes such as GUS. 
'^?BA Jte^ compounds are compounds that mimic the effect of ABA in one or more Phys.olog,cal 
process^ or bioassays. such as stomatal closure, bud/seed dormancy^ inhibition of seed 9--'-t.on and 
resDonses of plants to physical stress (c.f. Addicott. Abscisic Add. Praeger Publ.. N.Y. 607 pp. (1983). 
SiStt and ^yon Ann_ ^ Plant PhysioL 20:139-1 6-4 (T9r9)rz?evaart and Creelman. Ann. Rev. Plant 

^aSS"rp.^if 2ii(s) can indude a protoplast(s) (plant cell without a cell wall) an isolated cell(s) 

" " 'J::t:X:s":;tu^^n^.on used throughout this invention are known to those sKnied in the 
art and ar generally described in Maniatis et a!.. Molecular Ctoning: A Laboratory Manual. Cold Spnng 
Harbor Laboratory. Cold Spring Harbor. N. Y. (1982). 
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Enzymatic Treatments of DNA 
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1 . Restriction Enzyme Digestions 

The restriCion enzyme dlges«on ^^^^^^^^^^^^ 

manufacturer of each ^^^^^^^^^^ con<Sntrln. Enzyme is added to give 

added from a separate stenle stocit solutton to the ■^^1^°";"'°"°^ . ^ aoDropriate final volume with 

H2O usually 10-20 ul). The restnciion eniy . ^^^^^^.-^ ^nd then incubated at the appropnate 

plaamid ONA. The reaction mi>Jures are --^^Jj,,-?-^^^^^^ when the op«ma. 

temperature for 1.5 hours. Digestion of ^^^ ''^^^ vVhen these conditions are sufficiently 



2. Ligation 
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25 



microgram of DNA. The reaction mixtures are incubated at either 16 C overnight or ai ^/ 



3. R||.|n/Chew-bacl< Reactions 



t nil i« «r r-hftw-hack the overhang of a particular restriction site prior to 

40 of T4 polymerase. 300 uM dNTPs (all four) 40 "^^^ Tr^CI (PH 7.5) ,10 "JS^ ^ ^ 

s^J JrSrX™^^ rrSvtrlse^' — by hea«ng to 75 ' C 

SJ^?rZuS?;ra" id S^t^d fi.Ung-in or chewing-back of secondary restriction site ends. 
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4 Exonuclease Ill-Mediated Deletion 
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„»,c.,n (rem which ,h. d^Jon Zl ^StT^S^'Tr^^^^ 

'"■^Its^pTe^t^^In m^^^^^^^^^ and 40 a. of ..gase mix (50 n,M Tris/HC. (pH 7.6). 10 

,nU mi^^ '^^lT5TpBG, 1 mM DTT containing 0.005 units T4 ligase/ul) is added. The tubes are 

•TransSJatfr^f Ba^^^ Individual transformants-iTe analysed by isolation of plasm.d DNA 

(sm^screTfcIlowed by restriction digestion analysis and/or by sequencing (see below). 



Gel Electrophoresis of DNA 
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I -.,,.h «r„« h« addition of 2 volumes of ethanol and incubation in dry ice- thanol. The 
times consecutively, each time by add tion ^i^^fuoQ as above, for 15 minutes at room 

for polyadrylamide gels. Ethidium bromide is ^'^^.^^/^ mnnlno buffer After electrophoresis, the 
Tris/HCI. 1 mlVl EDTA. pH 8.0) containrng NaCI for IS 20 m^^^^^ incubation. The 

resuspended in 150 Wl TE. The resuspended ^^j^, "f ^^'"■^T th;^^^ Is made 0.3 IVI with 

resuspended in the appropriate buffer depending on the next manipulation. 



Transformation of Bacterial Cells 

'=^'^^zz:nSeM.'Si^m T. p„o, » adding rr'^i^'U'f'^ii.sJ^ 

SmW DNA (smS. s'cale). restriction enzyme analysis (below) and by sequence analysis (below). 



Preparations of Plasmld DNA 



) 1. Urge Seal© Isolation of Plasmid DNA 
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iHrKtinrZi 10 minutes The 5 M potassium acetate solution is prepared by addition of 60 / ^ 
LZ Si ml Of Saclal ace«c acid to 28.5 mi of H.O. The resulting so.ut.on .s 3 M w.th 

respect to potassium and 5 gO minutes at 4* C and the supernatant is transferred 

ISS iltet^s wXl o^^ with 70% ethanol. The pellet is resuspended in 5 ml TE. and further purified as 

'^ThelesS plasmid DNA is purified by banding it two times successively ^^^^^^ 
hrnmiriB ifi q7 n/ml and 0 43 Q/ml respectively) equilibrium density gradients by centnfugation at 220.000 x 
n S i for iTi8 houi The bands containing the plasmid DNA are removed from the tubes by Inserting 
a ?z^^uV.e^^l i^^e6 to a 5 ml syringe) through the side of the tube, ^thidium bromWe s removed 
a aauge nee° k H20-saturated n-butanol. The extraction is repeated until there Is no 

STJ a o-mk cJ^rthl aqueous phase. The extracted plasmid DNA is mixed with 2.0 vo umes 

cenMlwaloo and di8»l««l In a lltm of 0.5-2.0 ml ol T6 and Mored al -20 C. 
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2. Small Scale Isolation of plasmid DNA 

Each of a number of single, well-isolated antibiotic-resistant bacterial colonies from antibiotic plates Is 
used To inn^^^^^^ containing 2 ml of LB medium with ampidmn^ 125 ug/ml or other 

antibiotic and the resulting cultures are grown for at least 4 hours at 37 C with shaking^ 

Bacteria from the same culture are streaked on an antibiotic plate and incubated at 37 C o^ern^t 
This is S r^^^^^ plate and will be the source of bacteria for subsequent manipulations. Jo obtein 

^ " nfil^thTm L c^^^^^ are processed as follows: A portion of each culture (typically 1,5 ml) is 

vortexina for 10 seconds while the tubes are in an inverted posifton. ^ »n a nnn v r. 

Afte? they are incubated on ice for an additional 5 minutes, the tubes are then cenfrifuged 14.000 x g 
for 5 mTnutes ^4- C The supernatant is transferred to a fresh tube and extracted with an equal volume o 
SioTcS isoamy alcohol (25:24:1). The tubes are again centrifuged. as above, at room temperature for 

DNA JJth ^propriate restriction endonucleases. The fragments produced in the digestion are anal^ed 
p'eSation orbact^^^^^ stLs which are stored at -70' C in LB medium containing 20% glycerol. 
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DNA Sequence Determination and Analysis 

~p,as.id ONA was prepared as des-.bed^^^^^^^^^ J^t9??r)) a?d^£^^^ 

combination of the f °* f,X^UC^ S SaB^^mmerciaiiy from U.S. Biochemical Corp 
with the Sequenase® Sequencng Wt (Cat. f;°J^ J^^'^" , „ Three ug of an aqueous plasmid 
Cleveland. Ohio 44122. The plasm.d DNA ^ sequenced *o'towSj^Th^ee ug q^,^^^ ^^^^ 

sample, in a total volume of 8 al. .s placed .nto a ^^'J f J^^ J* oligonucleotide. 6 ul of 

tubes are incubated at room temperature jEe pfasmid and primer are co- 

HaO. and 3ixl of 3 M NaOAc (pH 5.2) are added and the ^^'"Pf ^I^"^'^^^^ ,crS minutes. The nucleic 
precipitated by addition o. 75 ul ethanol and mcub^on '"^ ^J^^ff ^J^^^^^^^ ,n 8 ul H3O 

^^1^:^™ tZ:X:%Z'^O0 mM T..Sc, PH7.5. .00 mM 
M9CI2. 250 mM NaCl^These are c^led the ^^^^^ ^ temperature by 

The samples are ^"^^^^t^^-l'^'J ^^''^ZZ i^e H.0 to cool at room temperature. While the 
placing the samples in a beaker of 65 c h20 ana aiiowmg ""' J « a t and C^ and 2.5 ul of the 4 

^ c».n,. . >^ ». ir^,rr,ssXiv .=^od'^«=^ - 

termination mixes (supplied with the kit) ~. "T^ 3,, domain 160 uM dlTP. 80 WM dATP. 

2 days at room temperature. 
Plasmid Constructions 

such plasmids are produced In the EXAMPLES but these are not meant to be ail inclusive. 



55 



Isolation of Protoplasts 
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Rice suspension cultures. Initiated from immature emlwyos or anth^r-denved callus are ma.nta.ned b^ 
weeSy sulSSare rt a 1:4 dilution ratio with fresh liquid N6 medium as describad in CJu et a^^^ Sa S|r^ 
rre^/^ea 1975) containing 2 mg/ml 2,4-dichlorophenoxyacetic acid and 3% (w/v) sucrose. pH 6.0. 
pL^aS^arilLedT,^ s^^^^ of rice cells 4-6 days after subcutture by overnight mcubatoon 
MS ?a h)Tn 4 mfo enzyme solution per gram of cells and agitation of the mi)rture on a rotary sh^er at 30 

floating layer. Cell counts are made with a Fuchs-Rosenthal hemocytometer. 



J5 Transformation of Protoplasts 

Protoplasts are transferred as follows: Protoplasts (1-5 x 10«) are centrifuged 9ently (80 x g) for 2 
minutes in sterile tubes. The supernatant is removed and discarded and the tubes are shaken gentty to 
CTJln the oSoDl^te lorn the bottom of the tube. The DNA sample, with which the protoplaste are to be 
loosen *® P™%P^,^^,3 of TE is added to the protoplasts. The tubes are shaken gently to disperse the 
Snr-DNA s^oli:^^^^^ (Polysciences inc Warrington PA 

58976 CAT* 1 Vol) and 3 mM CaCI, is added. The resulting mixture Is mixed gently for 10 seconds, then 
1 0 ml of Krens' F solution is added to dilute out the PEG. ,r.in.rt<.<> Th« 

?he tubes are incubated on ice for 15-20 minutes and then centrifuged at 80 x g or 4 ^ m^tes Jhe 
super^atS^tte removed and the protoplasts are washed once with 1.0 ml of a souhon of Krens^ F solufon 
?irproSaste^ resuspended in protoplast medium (0.2 mM KH.PO.. 1 mM KNOa 1 mM MgSO* l 
nM Ki o 1 uM CX^O* 10 mM CaO,. 10% mannitol. pH 6.5) at a density of 1 x 10^ protoplasts per ml and 
TncubLd at 25^? tn the dark, f^ the desired periods of time, with or without ABA. phase.c ac.d. 
Compound C or Compound D. 
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GUS Assay 

Protoplasts are harvested by centrifugation at 80 x g. "f. V m^^^^^ 

buffer (50 mM NaPO* (pH 7.0). 10 mM 2-mercaptoethanol. 10 mM EDTA. 0.1% Triton X-100. 0.1% n 
fa^^?yl2n:o8ine) T^^^^^ containing the lysed protoplasts is transfen-ed to Eppendorf tubes and 

Iauro/lMrcosl^e^ me minutes. It is possible to freeze the suspension of lysed 

nTe exiSonSr Sss^y is to be performed at a later date. Forty-five ul of the supernatant 
is rsfi^drftube 1^^^ "55 i. H,0 for'analysis of protein content. Protein content is determined 
us r the Bio Had Uboratories Richmond. CA 94804. microassay. For the assay. 0^2 t^e dve 

clncen^ate s added to the 800 ul sample and the absorbance Is measured on a spectrophotometer at a 
wav'eng* 0? 5^5 nm A standard curve must be calculated using a protein such as bovme serum albumin 
and *e amount of protein in the experimental samples is read off the standard curve. The protein cortent. 
and the ^°^\°' ^^^^^^ . 2 to give the protein content in 90 ul of extract (which is the 

Tmout'S eSaS i^f S ^ime' St off^ as^y-see .Slow). Of the remaining supernatant fluid. 405 ul 

'"ThfSsrerthrriTs"^^^^^^^^ <-MUG) and was -t^ne^^^^^^ 

c- J rhomiI.ri no St Louis MO 63178 Cat# 9130) in 1 x QUS buffer, it is at a concentration of 1 mM in 
S isarC^^ltSih iJ^m^^ r« S Of a pre-warJned (37' C) 10 mM 4-MUG stock is added to the 
~mld S)5 S protoplast extract, and a 100 ul aliquot is immediately transferred to a we I of a 24-wen 
EZr dish containing 0.9 ml 0.2 M Na^COs. Similar aliquots are removed at 0.5 hour, 1 hour, and 2 
^^ufS afl h^r 2 h'ours and 4 hours, and the microtiter dishes are stored in the dari< between time 
nointe Ihe dishS may be examined for the fluorescence of 4-methyl umbelllferone (4-MU) the product of 
Eme^taeSe?rf3uQ by means of an ultraviolet transilluminator. Individual samples, from each bme 
TormaX^aiii-dVa fiourimeter for quantitative analysis. In the case ^^^^^^^^^^^^^ 
desired the excitation wavelength should be set at 385 nm and the emission wavelength should be set at 
Sb nm StSs of TmU isigma Chemical Co.. Cat* 1508). are also measured on the fluonmeter 
Spi<!^Ty SToncentrations of lOo'nM and 1 uM) and the specific activity is calculated as the picomo es of 
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4-MU produced per ug protein per hour of assay. 



Transformation of Plants 



10 



IS 



20 



25 



30 



OS 



40 



45 



SO 



cell (transient expression). To test for ^ ^ chambers and greenhouses to grow 

transformed tissue and In many cases f ^^'^^^^^^f ^^^^^ DNA constructs 

the required amount o^^^-^f " Z^^''^, TepSy I'sTon^ed plants, the time and space 
(e.g.. 50-100) for regulation of the foreign ^^^fl^"/^^^'^^ (^ours). reliable transient expression 
required becomes considerable. If on the other hand, Inas 'a« J''/^ the most 

zzi-i^r- rr^rr :;%ref ^^^^^ 

''"''thT::^^To1'7J^^ operative recombinant DNA constructs of general utility is to place 

regu^t^ry" eqrcTdeX^^^^^ in cells that are easy to transfo^- .^^^^V^J'^^S 

OT III oiau«? u X ^^^^ ADA thfi renulatorv sequences withm the promoter may 

SuencL from the monocot wheat are recognized and operable .n the dicot tobacco. 



55 



Chemical indue rs 

To bring plant gen expression under external chemical cont«,l in the field requires that the chemical 
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Will nave H ph^giJ 39.439.473 (1988)). For example, when sprayed on leaves. ABA w»H cause 
inTas^iS^ pSi^rS vKioos physM WesM. ««* » BmperUure »Kl w.»r. Numerous cojrpounj 

™"'S?Jan'sSm ana .h, »P«lm«s «.» W»9»ic pl»t. oy«ln,d above - provide .x^Hert 
oh»»l,ee»r, r.>ls»noe (Flom e J. i^^S^S^^.^ ^'^fpKV) "a sToB^ e, ,1. (198, - 

-s%nr«%^,°r,';K™'io°"5raSircompo.™. e t,.«,ox.spi,oK.ia«*.n* 
~Fd'yr.is^.™rTrr:?=^x^^^^^^^ 

"^^o^Z S^SsslZ^^ooe6 above (separately determined in bioassays ^^l^ ^'^^^^Z^. 
pnyaioiogicai f-u expression. Screening of numerous compounds at different concentra 

"'"''iridition to screening various ABA-like compounds for the most effective Inducer, one can also 
controlling sequence for ideal control of gene expression in the field. 



• Stable Transformation of Tobacco 

"border to introduce DNA constnictions into plants, the constructions are mobilized from | SSj^^j" 
HB101 S ^ro^terium tumifaciens. strain LBA4404. E. coli strain ^^ '''■^1^'^"^^:,^^^ 
nRKPm-i is used as a he l per for the plasmid mobilization in a triparental mating. '-BA4404 's grown 
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in 5 ml L8 broth (to remove ^"^l^'^f = J^?"! *t"5S'"S^f each of the HB101 derivatives and 200 of 

rrr:i =r™ ~ rsr^-rrj,^ 

enzyme analysis. x^«^^*oh intn thA nuriear DNA of tobacco via Agrobac terium 

^ TniSsc»« W. Tobacco l«al «sk lrtec»« « c»rt«l oot es«n>tell, b, » n,«hod 

^hthToot in kanamycm are transferred to soil and grown in a 9rov^ <;»-^^^^ ^-'^"'^^ 

oaaem and 1 ml GUS lysis buffer. The samples are vortexed and then centrifuged at 14K rpm for 15 

; ?Coj;rCambridge MA 02139). Each sample Is split into two Ependorf tubes, then ground and assayed as 

"'"^Tprfsent invention is further defined in the following EXAMPLES, in which all P^^^^ "^"^TS 
are Ty J^ght ^d degre s are Celsius, unless otherwise stated. It should b understood that th se 
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EXAMPLES. wH„ .a,ca«ng P""^~3«*,r STn ZTc^ :S.^JTr^ 
^-a^IcSsr^ rrnL^tnn;rd^^^^^^^^^ ^o-r^^e s.. - sco„^ can .a.e va^ous 
Ses and modifications of the invention to adapt it to vanous usages and conditons. 



EXAMPLE 1 



Construction of plasmids pBimi07 and pBMlOB 

Plasmid PDH51 was disclosed in Pietrzak. et al.. NucL Acids Res,. 1 4: 5857-5868 (1986) ^^^^f ^ 
tS Siflower IVIosaic Virus CaMV) 35S^moter sequence, a polylinker sequence and the 
SmvSI 3° rSrSi mid pfSvJ280 served as the source of the E. coH uidA gene, which encodes a^- 
?ucuror!dase enzyme SjS). ?his plasmid is described by Jefferson et al.. Proc, IMatL A«^ Scu (U^^ 
iSM^Migre^The coding sequence for the GUS gene was cleaved from the vector 3«c|uen^s by 
dSift^q phSo with the restriction enzyme PstI as described above. This digestion results *e 
digesting phaj.jdu wu. fraament Onellich fragment was then isolated from a 1% agarose gel. 

sequence and the Ca^V 35S ^ ^^^J^^/g^,, ^^J'^^ incubation of the cleaved plasmid 

riHlISs" 3T^C^^ thTS^^^^ of DNA polymerase I and 16 deoxynuclec«de 

SnhosoS mStPs) The Vesultant blunt-ended fragment was llgated as described above, transformed 
Tnto E ccJ id a^^^^^^^ was identified in which the plasmid no longer contained a Bam HI site. Such a c^ne 
woullhT^e bst the smaller fragment. This resulted in the removal of the '^^^'''^f" ^"'^^"^^^^^^ 
^mai BamHI Xbal and Sail from the polylinker region of pBM107. The resulting plasmid ^pBM108. This 
SiSSe" US^L and the CaMV 358 3 region on a 2099 bp Kpnl fragment. The construction 
of this plasmid is diagrammed in Figure 1. 



Construction of plasmid pBMl09 

Th« 50«39 hr, Konl fraoment was cleaved from pBM108 with the restriction endonuclease Kpnl. Isolated 
on a 1 % aq^oS^gS ardescri^^^ above, and inserted into plasmid pUC18 at its Kpnl restriction 

Dromoter activity Plasmid pBM109 has been deposited in the Amencan Type Culture CoMectoon (ATOT) 
SoSe. MO 20852-1776 on March 2. 1988 and bears the ATCC accession number 67648. The 
construction of this plasmid is diagrammed in Figure 2. 



Construction of plasmids pBM112 and pBM113 

The source of the inducible promoter DNA sequence of the wheat Em gene is Plfsnjid pEAS41 .8. which 
has ^een deposed tn the AmeScan Type Culture Collection (ATCC). Rockville. MD 20852-1776 on March 

^SLmTd ?£;LT8 wS^'dS^^^^^^^^ endonuclease Ahal. and the 5 overhang was fllied- 

in :'S:S^Z lZ.SlT^T.^,ss.^ With the restriction endSnLclease Sag ^^j^^^^^^ 

constnicted by ligating the 354 bp Sall/blunt-ended-Ahall fragment into Sall/Smal digested pBM109. 
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THe 1500 .p Sa., fragment was then .igate. ^Jf^.C ^U^^^^ i: ctlS 

the 1500 bp sail fTiiment was in the P7P«^ °" *° promoter fragment. Is 

diagrammed in Figure 4. This the translational initiation codon 

(ATG) Of the Em gene celling ^"^ ^^^^^^^^ pJ^in pVoduct is a chimera containing 12 

a^s red~t:S ofSs (assuU the plant translation ,ni«a«on sign.s 
are preferentially recognized in plant systems). 



EXAMPLE 2 



ConstrucBon of plasmlds pBM1l3Kp and pBMgll^ 

Plasmid PBM109 was digested with 0.5 units Ken. ug ONA (total -ction volume 50 uO and^lO^u. 
aliquots Of the reaction were removed ^ "yo-rwhioh coniained^ uTof 25 mM S,TA in^arose gel 

mmmmwrni 

with the ligation mixture, the transformants were '"3 P'lJ;^^ the Kpnl fragment in the 

plasmid isolation, etc. as c^escribed above. P^^^^^^^^J^^^^^ in the 

forward orientation (with respec^ to the QUS ^^^l^^^'^^'^^J^^^ the plasmid pBM109 into which 

opposite orientation. The construction of these plasmids .s diagrammed In Figure 5. 



EXAMPLE 3 



construction of H— r°----^"^^ ^" nBMil3A220.9. pBM113A240.3. and pBM117 

Pia«„id OBM113 was subjected to exolll-mediated digestion as described in the section entitled 
Plasmid pBMiiJ '"^JJ"°l^„.... n^,. was cleaved with Hindlll to completion and the 

-Exonuclease Ill-Mediated ^'^f '"''^ °^,t,Sides Ts deS^bed The-TSibtion was then extracted 

overhang was filled-in with -Pf ^^P^^f ONA molecule was then cleaved 

sensitive to exolll digestion at the Bglll site. described in the section entitled 

rfor.'.">,::;^o" Tc^lTs lb m u*™, an,»lc»«n. The p,a»s «,re 

incubated at 37* C overnight and placed at 4 C the following day. 
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the ^^YollSS^Zre not of interest until the Kpnl site which defines the 5 border of the Em promoter 

initiation codon ^TCTtf the coniKct would allow estimatiSrof the deletion endpoint usmg the s.zes of the 
fragments produced upon digestion. 



Construction of Plasmid pBM117 

Pia«miri OBM117 is a derivative of the plasmid pBM109 into which the promoter region of the 35S gene 
Of C^MvTasCn cl^d^irw^ done cleavage of plasmid pDHSI wi«. the restric«on endonuCeases 

—^^ano produced by Ncol cleavage was filled-in as described in the section entitled "Enzymatic 
rro^J^T^f^A'- -^^^^^ Of the Cleavage reaction were separated by e'ectrophores.s 

IHT agarose gel and a fragment hs bp in length, containing the 35S promoter reg.on. was .solated 

"-.^:SLrd%^ror:i^^^^^^^^^^ -al which resets . the 

rg:r?FHrrSe?i«i? Sn^.;Kr ^er^rof'^^^^^^^^^^^ 

plimotrTa^ment of DNA. 5 relative to the GUS encoding region of DNA. and in the proper onentaton. 
The construction of this plasmid is diagrammed in Figure 7. 



EXAMPLE 4 



5 



Construction of Plasmlds pBMll9. pCS102 and pBMiZO 

Plasmid PRAJ275 served as the source of the /J^lucuronidase gene (GUS) and has been descnt^d by 
JefferLon in PtenrMolecular Biology Reporter 5:387-405 (1987). The GUS 9^"^'" P't"""'?! .hl^nlS to 
ft^m^rtTn^jWiSlhirihrsiqUiHHi surrounding the Initiator codon ATQ has been changed to 
Sduce tl n^l^ctirs^^ sl and Ncol and in the introduction of a single restriction s.te for the 
introduce two new i^^"™ \_ t^-r-^ene The Ncol site contains the translatlonal start codon 

nUCia which had been cleaved identically as was pRAJ275 (i.e.. Sa^l d.geston. after which the end was 
?ltedln fo£^9?by IUri digestion). Individual plasmlds were analyzed until one was .dentified which 
c^Sd thT^S g^n'e^ the r^ulilng plasmid Is pBM119. The construction of this plasmid is diagrammed 

'^SIlLmld 00H51 which served as the source of the 35S 3 sequences, was cleaved with the restriction 
enzyrlrS^f ^d S^l SeT wh"h the ends of the fragment were treated with T4 polymerase, as 
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described, tccreate b.unt ends. ™s .treatment -^^^^^^^^ ..b^at^n^ a Z 

35S promoter region plus *^Pf y^'"'!^^^'"^"/;^^^^^^^^ Tfragmfnlwas isoLd from a i% agarose 
remainder of pDH51. which carries the 35S 3 ^ 214 bp EcoRI fragment which 

,0 resutng pla^mid is pBlVl120 and the construction of this plasmid is diagrammed m Rgure 9. 



EXAMPLE 5 



15 



Construction of Plasmids pBM165 and pBM167 

nquence homology to a region of a oonglydUn ''™'"°* ' ^ " ^7Sou««» 

of the 56 bp oligo. individual plasmids were analyzed for the preMnce or ine oiigo an v 

occurs In the Em promoter. g' j 3' orientation 

pBM165-4: This plasmid contains two copies of the oligo. both of wnicn are «n ine 6<i 

?'^?J'„tS?^Tana 0BM,S4 h^^n mino.i. >=«=™i<' P^""" 
regions from Iho plasmids pBM165-a ano P^'fT. iiiiad.in as dsscrtbea. The plasmids 
with the reatrioson onzyma Sail and th. ends ol *' .^^^'^ ^ L EcoRl 
« PBM165-2 and pBMtSM ware olaa.ed with thj ''^Z'STn l^aslTo™^ IragSSn. 

and thev are as follows: , .j «o(iiH£sc o 

pBI^167.11: This plasmid contains the promoter region from the P'a^"''^ P^M^ff " 

?BM167-4: This plasmid co"*-"- P~^^^^^^ in Figure 10. 

so The constnjction of plasmid senes pBM165 ana piasmia ser«» inserted into plasmid 

The 35S promoter, not containing the 56 bp oHgo. ^.^f^^^^^^ XeNhe resulting 

PBM120 exactly as described for the construction of the P'^^^^^"^^^^r^,T 
plasmid is PBM152 and the construction of this plasmid .s diagrammed in Rgure 11. 



^ EXAMPLE 6 
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Construction of Wasmlds DBM1170. p6M1130 and pBM3110 

rnserted Sore mis p"Sd SaT a plant'selectab.e marKer. in the form of a "--V^'" 

;:re ger(nptl.); driven by the nopaline synthase P^-^t^'SnllirES™^^^^^^^ 
kanamvcin AlT^nstructs were mae by the ligation of gel-punfied Hhdlll/EcoRI fragments. 
TgeSon Of PBI101.1 with these two enzymes results in the liberation of ^J^^">^"^^^.l'^ 

SS^ctiverco?^^^^ promote?-GUS-35S 3 cassettes with the Em promoter in 'onward 

"femSon li ^iment B and in S,e re^rse orienta«on in fragment a /M. '^^^^^^^^ 

C) were individually ligated into the binary vector sequences punfied above (the approximately io Kop 

'''TndiviSSnrrJ'plimids were identified which now contained the relevant promoter-Qus cassette. ^ 
suci^ t^^^s^ pSsTds'now contain a selectable plant marker (kanamycin resistance) and "^appropnate 
cassette conteining an experimental promoter-QUS-35S 3 construct. Piasmids pBM1170. pBIVi1130 and 
SsilO^e W^Jy^eSes of pl^mids pBM117. pBM113Kp and pBM311. respectivdy. The construc- 
tion S iSese piasmids are diagrammed in Hgures 12. 13 and U. respectively. These bmary constructs 
were Produced r^^^^^^^ Gram-negative bacterium Agrobacterium tumifaciens by the method of tn-parental 
Ta^r^d subC-entiy introdu^d into tobacco tissue by the method of leaf disk transformation (see 
section on "Transformation of Plants" and "Stable Transformation of Tobacco ). 



EXAMPLE 7 



Response of an 1850 bp Promoter Fragment (pBM113) to ^A 

Protoplasts were isolated, as described in the section entitied "Isolation of Protoplasts" from a 
susoeSS cituTe o, rice. The protoplasts were either not exposed to DNA or were transformed w.th 
PBM113 DNA as described above in the section entitled "Transformation of Protop^sts . The 
Se of protoplasts which did not receive DNA contained 1 x protoplasts^ The culture to be 
trSon^ed'with'plasmid DNA contained 4 x 10« protoplasts and tiiese were -posed to 4 ug of pBM 13 
piasmid DNA. The culture with 1 x 10« protoplasts, which sensed as a control, was ™!"«P«"'^«"^^'"Jf7^ 
pn^toplasts medium after the transformation protocol and was incubated for 2 days. ^« J^^;« ^J'^^J 
Sansformed protoplasts was split into 4 equal aliquots ^^^^^^ 
allQuots were incubated in protoplast medium eitiier lacking ABA, or containing lO-^M ABA, 10 M ABA. or 
io-'M ABA resoectively. These cultures were also incubated for 2 days. , , ^ 

After the TSys^ncubation. ttie protoplasts were collected by centrifugation at 80 x g^The protoplast 
medium wTs femoved from tt,e tubes'and the ceils were lysed by addition of 0.5 «*f^^^Jy^^^^^^^^ 
described in the section entitied "GUS Assay". Each culture of lysed P-^^plasts was Jen^«yed for QU^ 
activity as described above In tine section entitled "GUS Assay". The specific piasmid DNA wi* wh ch *e 
pSa^ were transformed, ttie presence or absence of ABA. the concentrations of ABA in which the 
cultures were incubated and tiie results from ttie assay were given below in Table 1. 
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Table 1 



Trealm nt 


Specific 
Activity* 
(Units) 


Sample 


Source of 
Input DNA 


[ABA] 


(1) 
(2) 
(3) 
(4) 
(5) 


NODNA 
pBM113 
pBlVl113 
pBM113 
pBM113 


0 
0 

10-^ M 
10-' M 


0.25 
3.87 
1167.65 
251.42 
4.74 



experiment. 



ABA in the medium (Treatment Samples 3-5). 
dependent on the concentration of ABA. 



EXAMPLE 8 



Time course of ABA Effect 

The aouree of protoplasts used for transformation is identical to that used in ^MPLE 7 ^'Tl^ 
eithe^L noTrecL;~added DNA or they were transformed with plasmid DNA as descnbed m the sect.on 
entitled "Transformation of Protoplasts". , 2) a culture 

with ABA. were collected after 6 hours of '"f^^f^on in th^^^ ^ ^^.^^^ 

zz z r^irssr ".rc."^-».->. ^>^^«>^^ <- - 
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shown in Table 2. 

Table 2 



70 



Treatment 


Specific Activit 


y- (Units) 




Source of 
input DNA 


[ABA] 




1- 


2- 


4- 




NO DNA 
pBM117 
pBM113 
NO DNA 
pBM117 
pBM1l3 


0 
0 
0 

10-SM 
10-5M 


0.30 
0.30 
0.17 
0.17 
0.17 
0.11 


ND*-' 

ND 

0.55 

ND 

ND 

4.38 


ND 

ND 

1.91 

ND 

ND 

42.93 


ND 

ND 

5.99 

ND 

ND 

290.09 


0.11 
10.00 
36.31 
0.16 
9.21 
712.80 



20 



25 



30 



in this experiment. 
""Incubation period in hours. 
•*ND = not done 



The results in Table 2 demonstrate the following: 
1 TeS is no Significant QUS activity intrinsic to the system either in the presence or absence of 

ABA <N0 ^^^^^"l^^^^ ,,,,3^ ,y ABA on the 35S promoter-GUS construct (pBM1 17) 

implying that the effect is specific for promoter sequences normally modulated by ABA [n 

3 There is a time^ependent effect of ABA on the Em promoter-QUS construct (pBM113>. 



EXAMPLE 9 



35 



Effect of Phaseic Acid on Em Promoter 



The protoplasts for this example are from the same source as that for EXAMPLE 7. P^o^plasts were 
transfo^Jd either calf thymus (CT) DNA. with pBIVI113 plasmid DNA or pBM117 plasm.d DNA by the 
pT^re d^Sbed in the section entitled "Transfom^ation of Protoplasts"^ CT DNA .s non-specific DNA 

derived from calf thymus and is used as a negative control in protoplast transfomnation. 

bioplast suspensions containing 1 x 10« protoplasts were used. Protoplast S"^P«"«'°"^^^'^'^9f]^ 
DNA^Jere^sformed by the addition of 25 ug of CT DNA and those being transfomned with DNA from 
^ pBM1 17 received 5 ug plasmid DNA and 20 u.g of CT DNA. ,„„tsin«d 2 0 x 10^ 

Protoplast suspensions -to be transformed with DNA from plasm.d pBM113 ^.O x 10 

protopS. 10.0 ag plasmid DNA and 15 ug CT DNA. After the transformation procedure «"«P«"«'°^^ 
tTwsformed with CT DNA and DNA from pBM117 were each divided into two equal a^iquots (0.5 x lO^ 
oratSts e^h) and incubated in protoplast medium. One aliquot was without ABA while ttie other 
so conSSS 10-M A^A. ?he suspension transformed with DNA from PBM113 was divided into 3 a^^quote 
?0 5 X 10« protoplasts each) and similarly incubated in protoplast medium either without ABA. w.th 10 *M 

'''^:Z'':r^r^:ZTnU ^ protoplasts . each culture were celiac^ by cen«^^^^^^^ 
and stored at -70* C in QUS lysis buffer. All aliquots were later assayed for enzyme activity. The results are 
shown in Table 3. 
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TABLE 3 



10 



IS 



20 



25 



Treatment 



Source of 
Input DNA 



CT 
CT 

pBM117 
pBM117 
pBM113 
pBM113 
pBM113 



lABA] 


[PAr 




0 


0 


2.02 


10-* M 


0 


1.81 


0 


0 


10.00 


10-*M 


0 


9.20 


0 


0 


8.24 


10-* M 


0 


31.51 


0 


10-* M 


8.36 



Specific 
Activity* 
(Units) 



experiment. 
-Phaseic Acid 



(CT) did not respond to ABA. 



30 



EXAMPLE 10 



Equivalence of pBI\/l113 and pBM1 13Kp 



45 



in Table 4. 



50 



55 
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TABLE 4 



10 



7S 



20 



25 



30 



35 



40 



Treatment 



Sample 


Source of 


[ABA] 




Input DNA 




(1) 


NO DNA 


0 


(2) 


NO DNA 


10~*M 


(3) 


pBM117 


0 


(4) 


pBM117 


10-* M 


(5) 


pBM113 


0 


(6) 


pBM113 




(7) 


pBM113 


10-SM 


(8) 


pBM113 


10"^ M 


(9) 


pBM113Kp 


0 


(10) 


pBM113Kp 


10-*M 


(11) 


pBMIISKp 


lO-^M 


(12) 


pBM113Kp 


10-«M 


(13) 


pBM31 1 


0 


(14) 


pBM311 


10-*M 



Specific 
Activity* 
(Units) 



0.17 
0.15 
10.00 
8.24 
17.15 
563.05 
233.20 
109.77 
18.50 
1170.09 
403.70 
130.61 
0.21 
0.45 



Ten units are equivalent to 6.59 pmoles 4-IVIU produced/ug protein/hour 
in this experiment ^ ^ 

^SresSTo^s':c5r^^^^^ and pBM113Kp .s regulated by the present of 

"'"rr:Sro? oSs^re^^^^^^ bc*.p.as.ids. pBMUS and PB^-Kp. is not on^^ 
regulated by ABA. but the level of expression Is dependent on the concentration of ABA .n the medium 

'^''^T^7Z!tBMV!l^ which contains only 652 bp of the Em promoter region, behaves slml.^^^^^^ 
to the plasmid pBM1l3. which contains approximately 1850 bp of the Em promoter region (Treatment 

^'"''T ^asmid^pBM311. which contains only 652 bp of the Em promoter region linked to QUS in the 
wrong orientation (unoperably linked) did not significantly express QUS ^^^^^^^^^^^^^ 
(Treamient Samples 13-14). Furthennore. the low levels of activity seen with t^e same promoter fragment 
opSy Iked to GUS (pBM113Kp) when incubated without ABA. is totally abolished when pBM311 is 
used (compare Treatment Samples 9 and 13). 



45 



EXAMPLE 11 



50 



55 



Response of a 254 bp Promoter Fragment to ABA 

The source of protoplasts for this EXAMPLE is the same as that used in EXAMPLE 7. 
were performed using 2 x 10« protoplasts and 2 ug of plasmid DNA (except for the control samples which 
dTd noTS^ om. Each suspension of transformed protoplasts was split equany(1 x 1 0^ prc^oplasts) 
into protoplast medium either without ABA or with 10"*M ABA and incubated at 26 C f ^/^^^^^^^^ 
hours The protoplasts were then coll cted and assayed for GUS activity. The results are given m Table 5. 
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TABLE 5 



10 



15 



Treatment 


Specific 
Activity* 
(Units) 


Sample 


Source of Input 
DNA 


[ABA] 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


NO DNA 

pBM117 

pBM113A220.9 

pBM113A220.9 

pBM113A220.10 

pBM113A220.10 

pBM113A240,13 

pBM113A240.13 


0 
0 
0 

10-* M 
0 

10-* M 
0 

10-*M 


0.86 
10.00 
21.83 
282.90 
21 .29 
802.31 
1.83 
4,3 



this experiment. 



20 



29 



30 



The results of the above experiment demonstrate: ,nRMii3A220 lOi and -254 bp 

1. Plasmids containing fragments of the Em promoter to -29 bp f ^1 13A22a 0) ^ ^^Jf 
(PBIVI113A220.9) 5 from the translation start codon (ATC) operably linked to GUS still retain the ability to 
be induced by ABA (Treatment Samples 3 and 4; S and 6). o»iii<<»A9iin from the 

2 A Diasmid containing a fragment of the Em promoter to -192 bp (pBM113A240.13) 5 from the 
trans Jon sf^ccSon(ATe, operabl'y linked to GUS cannot be induced by ABA (Treatment Samples 7 and 

3. beletion to -192 bp from the ATG not only prevents ABA enhancement of «>'P;«^«|°"^^^^^^^ 
promoter region but also abolishes the low level of expression seen in the absence of ABA usmg longer Em 
promoter fragments (Compare Treatment Sample 7 with 3 and 5). nmmoter f-192 

4 Plasmids pBM1 13^220.9 and pBM1 1 3A240.13 define a region of 62 bp in the Em promoter ( 192 
to -254)' at least part of which is necessary for the ABA induction (ABA regulatory region). 



35 

EXAMPLES 12/13 
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Effect of two ABA analogs (Compounds C and ^ on Em Promoter 
GUS activity as described. The results are given in Tabie 6. 
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TABLES 



Sample 


Source of 
Input DNA 


Additions to 
Culture Medium 


Specific Activity (pmoles 
4-MU/ug protein/hour) 


1 
2 
3 
4 
5 


No DNA 

pBM113Kp 

pBM113Kp 

pBM113Kp 

pBM113Kp 


ABA 

Compound D 
Compound C 


2.05 
3.24 
50.25 
38.89 
8.40 



^ litoFdow strueturtf «.*» fuixiHontl analogs ol ABA posaass 9a"aHn«iClr« 

Sh^S^S m » ; ^ « ld««H, anaw aa p«««la, Indue, o. Ban. axpraaaion. 



EXAMPLE 14 



The results from EXAMPLE 11 clearly demonstrate that at least part of the DNA sequerices necessary 

ta?v r^Slated by ABA (see page 4). This region of homology is at the promoter proximal end of and .s 

cause expression from the foreign promoter to be influenced by ABA ^p, = , protoolasts were 

The orotoplasts for this example are from the same source as that for EXAMPLE 7. 
.ranJfo^enrelther no DNa' with pBM117 plasmid DNA. or witin P^-^^^^^^^^'J 
pracSure described in the section entitled "Transformation of Protoplasts". The pBM167 senes of plasmids 

" %SS's'us^on^containing 4 x 10<' protoplasts were used and were transfom,ed by the addition 
of Iher^D^A or b?*e addition of 4 ug plasmid DNA. After the transformation procedure, the 

Cy adJItton Of i s m! GUS assay/lysis buffer. All aliquots were assayed for GUS enzyme activity and the 
results are shown in Table 7. 
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TABLE 7 
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Treatm nt 



Sample 



1 

2 

3 

4 

5 

6 

7 

8 



Source of 
Input DNA 



No DNA 
No DNA 
pBM152 
pBM152 
pBM 167-11 
pBMI 67-11 
pBM167-4 
pBM167-4 



Specific Activity (pmoles 
4MU/ug protein/hour) 



[ABA] 




0 


1.02 


10-* M 


1.02 


0 


1777.13 


io-*ivi 


1730.42 


0 


1108.50 


10-*M 


2081.18 


0 


104.39 


10-* M 


560.51 



PBM167-4). (Compare Treatment Samples 5 with 6. and 7 with 8.) 

These results clearly demonstrate that the 56 bp oligo contains ABA-regulalory sequences that confer 
ABA regulation to the normally ABA-unresponsive 35S promoter. 
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EXAMPLE 15 
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Expression of GUS activity In maturing seeds of transgenic tobacco 

Binary p.asmids containing the p.asmids pBM1170 ^''^^'^^^^^^^^^ 
into the^ram-negative bacterium ^-^-^^ 

subsequently introduced into tobacco tissue by the '^^^^^^^^^^^^^ seeds at different 

plants were selected and grown as described eariien At venous J^^^^^J^^^^^ ^33eribed In the 

stages of maturation were collected and assayed for GUS activity. Detailed proceau ^ 
section "Stable Transformation of Tobacco". 
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TABLE 8 





Sample 


Promoter 
Construction 


Stages of Seed Maturity 


Specific Activity* (pmoles 
4MU/min/ug protein) 


5 
ro 


1 
2 
3 
4 
5 
6 


pBM1170 
pBM1170 
pBM1170 
pBM1130 
pBM1130 
pBM1130 


Very Immature (white) 
Immature (tan) 
Mature (brown) 
Very Immature (white) 
Immature (tan) 
Mature (brown) 


1.037 
307 
269 
2 
8 

29,000 
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'Each value is the average ot i: samples ..u... u.w r^--- - - - ^ 

transformed tobacco plant. Seeds from untransformed tobacco plants showed no GUS 
activity. Values represen t activity over time zero in the enzyme assay 

Thft results of the above experiment demonstrate: , , , « 

?. Tob?cco plants transformed with plasmid pBM1170 (Samples 1-3) f -"''^ 'jr^^^^f^^"' 
« .=»J< rii^ artivrtv in seeds at various stages of maturity; from the very immature (white seeds), the 
l^maSe (tan ^) LTI^^^ seed^ark brown). 35S is a constitutive promoter in higher plants 
and clearlv shows its predicted activity throughout seed development. 

2 Uacc^plants transformed with plasmid pBMll30 (Samples 4-6) show mcreasmg amoun ts o 
accumulaSl GUS activity in seeds at later stages of maturation. This pattern of QUS ^<^^^^^^^ 
SaS of Snsgenic tobico seeds is similar to increasing Em expression in normal wheat seeds ndjcating 
S *e fragZt of the Em promoter (650 bp) linked to QUS is being regulated in a manner pred.ctable 

from ^eat (monocot) is recognized and regulated in a normal pattern 

in tobac^ (dlot) pTSumat^y by the increasing endogenous levels of ABA occumng m late seed 
development 



EXAMPLE 16 
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Expression of GUS activity in transgenic tobacco seeds in response to ABA 

Binary plasmids pBM1170 (35S-GUS). pBM1130 (Em-GUS) and P^^j^^^ ^ 
into Agrobacterium and used to transform tobacco leaf disks by the methods '"^f ^^^^^^^ 
in t he section Stab le Transformation of Tobacco. Immature seeds (tan in color) were removed from the 
liSule ^^^^^^^^ In Stable Transfom^ation of Tobacco and incubated for 24 hours on MX-medium with 
or without ABA. 
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TA3LE 9 

Specific Activity* 

Promoter (pmole 4M0/inin/ 

aaxnnifi c o"^^^"gtiQn f abai — \\q protein) 

1 PBM1170 0 29 

2 PBM1170 lO-'^M 33 

3 PBM1130 0 50 

4 pBMllSO lO-^M 160 

5 pBMSllO 0 0 



6 



pBMBllO lO-^M 0 



•Samples 1 and 2 each represent an average of 4 seed 
samples (immature seed-tan) taken from two capsules 
of a single transf ormant . Samples 3 and 4 each 
represent an average of 4 seed samples (immature 
seed-tan) taken from two capsules of another single 
transformant. Samples 5 and 6 represent an average 
of 2 seed samples (immature seed-tan) taken from one 
capsule of one transformant. Values represent 
values over time zero in the enzyme assay. Seeds 
from untransformed tobacco plants showed no GUS 
activity. 

Tobacco Plants transformed with ^^^^^'^/^^\\^^^^^^ frtol^^n^ 
QUS activity when immature seeds were incubated with 10 *M ABA. These J" =™ EXAMPLE 10. 

Se id^tiS to the results obtained with the same constructs in the trans.ent system (see EXAMPLE 10. 

"^''^ S-Tobacco Plants transformed with P--id pBM1130 J-^^^^^ 

fold increase of GUS activity when immature seeds wer« '"^"b^^^^^^^ ^^J^^^ ^tl esuSs obtained 
reversed (Samples 5 and 6) no QUS activity .s ^''P^^^^if^J^if. iS^Sle 4 

^ *1 ririf^Xr-- - S^^^ S^Z^^'^T^ ^^^^^^^ P-ct egression of 
treated with ABA express the Em gene. 



EXAMPLE 17 



Developrr\ent of Drought Tolerance in Plants 

The Em protein of wheat has been implicated In protection of the ^^"^^'^J^'l^J^^^ 
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in the plant becoming iterant to *ne f 7^^^^ 50 bp region of the wheat Em promoter, that 

Sirs™ £S ri's^^^ -s: 

sequence, thereby protecting the tissue experiencing the water stress. 
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Claims 

1 A nucleic acid promoter fragment comprising a nucleotide sequence from the 5 flanking promoter 

be controlled with the proviso that said promoter fragment is not responsive to phase c acid. 

rnSetoacid promoter fragment of Claim 1 wherein said compound possessing ABA-I.ke acttvrty .s 
sele^ieS romL glp consisting of ABA. Compound C. Compound D. Compound E. ^^P^^^^ 
^ A nudeic a?ld promoter fragment of Claim 2 wherein said compound possessmg ABA-l.ke activrty .s 

'^^^ A nucleic acid promoter fragment of Claim 1 comprising a nucieotide sequence from the 5' flanking 

such thTthe expression of DNA sequences for selected gene products operabiy hnked on the 3 side of 

^rT:S^cT^T^ZoTS^Li Ciaim 1 comprising the 5 «anking promotor region of the Em 

'*^?A 'nSc^Ld^pLoter fragment of Claim S comprising the nucleotide sequence of about 1850 base 
^ pairs ni^S in the S^Son fro'm base pair position 0 to about base pair position -1850 w.th reference to 

rA reinLrprom'irJ^^e^ the nucleotide sequence of 640 base p^rs 

running in ^iS 5' dIreSon from base pair position 0 to base pair position -640 w.th reference to the 

. -irnuScrd%C^r;^aJl^^^^^ - nuc^de 

running in the 5 direction from base pair position 0 to base pair positon -254 with reference 

'^rA"n:™p':im^^^^^ the nuc.eo«de sequence of 50 base P^rs 

runr^ng in Se 5'^i?eSn from Sse pair position -189 to base pair position -238 with reference to the 

- rrrSr^X^urrS^S^^^^^ -.ng promoter 

s::«^°eCe^Li:air:i 

^rnsfoSTatton oTa Pl«^t ceil such tSat said promoter region is responsive to a compound PO^.^ ^'"9 ^^^^^ 
ss JSacWo contol the expression of said nucleotide sequence for a selected gene P'^^f^'^J^^'^^ 
A promoter region of Claim 10 wherein said gene Is the Em gene of wh at and said compound 
possessing ABA-like activity Is ABA. 
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exposure of said transformed plant cell to a compound possessing ABA-like activity saio ui m q 

a selected gene product is expressed. r»i=ime i ? 3 -t S 6 7 8 9. 12, 13. 14 or 

20. A plant containing a nucleic acid promoter fragment of Claims 1 . 2. 3. 4. 5. B. 7. ». ». 

21 A rice plant containing a nucleic acid promoter fragment of Claim 1. 

22 A tobacco plant containing a nucleic acid promoter fragment of Claim i. 

a ^ o. . . ^. ^. »• »• 

M A *L'crolopl»« «olalnli>9 Hie rucWc aca promoter trajmeol of Claim 1. 

for 23 ^,3,3., 33id compound possessing ABA-like activity is ABA. 

S: rmeth'X controlling the expression of a selected 9- P«^"^ct in 

-trdt'srnrAK^^^^^^^^ 

'"TA^methcd of Claim 29 wherein said compound possessing ABA-iike activity is selected from the 

group consisting of ABA. Compound C. Compound D. CoX^n'lf^; t^'iLS^Sne product in plants under 
31 A nucleic acid fragment for controlling over-production of a ^f'®^ 9®"® the CaMV 35S 

drought conditions comprising a nucleic acid promoter fragment of Claim 15 inserted into the CaMV 

low-water conditions resulting in the endogenous producton of ABA. saia pianx proauu^o 
protein. 
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33. A plant containing a recombinant DNA construct of Claim 32. 
34 Seed obtained by growing the plant of Claim 33. 

2-en-i .yl/-3-methyl-2.4-pentadlenolc acid. 
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DNA PROMOTER FRAGMENTS FROM WHEAT 



RELATED APPLICATION 



1988. 



This application is a continuatlon.|n.part of copending application U.S,S.N. 174.744 filed March 29. 



FIELD OF THE INVENTION 



to 



This invention relates to the preparation of nucleic acid promoter fragments homblogous to tfie Em 
i rhT^f whJ^^^^^^ responsive to compounds possessing absclsic acid-like activity, and their 



BACKGROUND OF THE INVENTION 
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Th« extemal control of the expression of selected gene products in plants through the application of 

fhr^i^f nf oathoa^ attack oossibly avoiding contamination of the ultimate food product with the town. 
?h'es?and Ser^^JeSJ^aU'^SS^L^^ in the field since means to bring icnown plant genes under 

eithercontinuous thLghout the life cycle (controlled by a constitutive promoter . or .s regulated by the 
diJSoDmentarti^^^^^^^ of maturation Inherent in each organ/tissue/cell (stage or tissue specific 

p^mSr cLnX expressi^^ p.«cludes production at particular stages, in specific issues or .n 
rZon?e to environmentally unpredictable events. Such ^^P'^-''" P'^^^^^-^^;,;;^^^^^^ 
due to greatly increased energy demands accompanying prolonged synthesis of P^°*^"'^J f "® °' 
Slge sic^expresslon, although valuable for the temporal and spatial ---"'f^ P^^^JJ ^ " „e 
*e variable timing of the developmental program of the plant. Prec.se development ~"*'°! °\ 9^"^ 
i^r^Son wouW necessitate the i«Diation of a multitude of stage and tissue specific promoters m all crop 
nS^f ?ntrest It would be desirable to externally control the expression of an introduced gene product 
Tt^e app cLTon 7a si^^^^^ which can induce a specific promoter to activate the accumula^on 

OM deSed gene p oduct. Hence, one chemical/promoter combination can be interactive at any stage or n 
any Se avSle to the chemical, throughout the life cycle of any one of a large number of transformable 

''"SirS^lTan'ST^^^ factors such as light, heat shock and anaerobiosis. The 

orom^teS o?ZeTdudble genes ^om plants have been extensively analyzed (c.f Kuhlemeier et aL 

H PhysSrsSl -ZST (1987)). However, the inducers of these genes (i.e.. light, temperature and O. 
iS^sisTl re not ea sily or practically controllable under normal agronomic techniques. h^„»i„^ 
NuJ^^rous cSicals. both n'atural and synthetic, have been shown to affect the JP^^^^^^J/;^^^^^^ 
«,=n» Tr>iante A number of these plant growth regulators occur naturally, such as the hormones auxin. 

itfiSts"su-^s-ISiiS7lirrc id (Hooft Van huiisdulinen et al.. J, Gen, WoL. 67:235-2143 (1986)). When these 
n!Sh raaulatJrs are applied to various plant cellsftissues/^FgiHiT a change in the metabolism of the p ant 
r^lL3 whichTas bin^^^^^^ With each of the above regulators to result from new gene exprejion. 
'imeT^u^S c; these genes, as well as some genes «.emselves ^^-tT^^o^^^o. 
The instant invention focuses on the phytohomione abscisic acid (ABA). 3-methyl 5 (i hydroxy 
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stresses such as temperature end water (c.f ^'^'f'^ E^TISjw&S^d^f'''^''' 
(tsaaa. Numerous compounds have ^^''.''f "XSS CM« t Sp t "iWoS)). oSrlmm^Jiel. 

reserves Ir, seeds and 11» response ol plant. » »^ W-?^ ^ dramatical,, as 

Of these specHIc genes ot^i '-cong.ycinin'gene 

bZ et at planta 172:364-370 (1987) and in tobacco by Barket et al., Proc. NatL Aca^ Sc. (USA) 85.458- 
462 (1988). sequences that control the expression of these genes In a 

?he speciriiniuction effect, nor did they report treating transformed tissue w.th ABA to de.em,me .f 
the foreign gene would respond to hormone addition. ^_t,,„«o hl-o whoAt are 

Qomez et al.. Nature 334:262-264 (1988). reported that when Immature ma>ze ernb^ros^ ^"^f^^™ 

SdinrS?on and parts of the S' and 5 flanking regions are given, but no informafon .s reported as to the 

n.nTf:^^lS^ 2^c^^uJe f^ABA, as welf as by salt (NaCl). and water stress in numerous 
lealir^rnb^^^^^ cultures. Although the complete sequence of the coding 

r^aion (aD?i^ r^^^^^^ °^ ^^9'°" (approximately 1.5 kb) is g ven no 

w^?l?nn TreSL S to the sequences within the promoter region which are essential for ABA 
ZT^To^J^X sCnc^s. -nire is no teaching regarding «,e °' ^-^^^^^^^^^^^ 

Its Dotential utility to achieve external control of plant gene expression. The authors memselves (p.^85) 
JatfS "the reoulatory roles of these different GC-rich repeats remains to be established...." AppI c^t s 
SJenS lies i^S Is^^^^^^^ of promoter fragments, their use in constructs to uansfom, protoplasts and 

^•-s;^redt::ss:er^^^^ 

Jme «-conSn gene is the required region for seed specificity. More recently. Chen et al.. EMBO 
Journal 7S^So2 (1988). construSed a chimeric gene comprising a 170 bp ^^^9^^^"^ "^^"".^^^^ 
iSinin pronSe region (-78 to -257) In different positions and orientations to the constitutive v ra, 353 
™S ?nkS to the reporter gene chloramphenicol acetyl transferase (CAT). They showed that the 170 
^.^TTa^rnChfn^ Cesfion of the C/Tt gene in a tissue-specific ^^^^^l^^T^^^^^ 

However, delineation of the specific regulatory regions required tiiese '"^^stigators to ms^^^ 
exorSonTn transgenic plants at the stage of seed formation. This required long penods of ftme unti the 
nS^JSl^Ldand set seed (several months). Transient assays for promoter analysis have been reported 
SCrema^^TwTto delineate thosL promoter fragments that are regulatory. However, none of 
r rk/M4c whir^h fnfinw involve the use of a chemical Inducer. 
Lert e?a7 Pro?S Sci. (USA) 84:5745-5749 (1987). disclose studies °l^-^<'^-.^'^^^^^'?' 

DNA^Ss^tuting^n-5p5li1^iTynlhisi^omoter. This promoter is constitutive rather than 'nd"f 
wSteS SS Origin, operates in a wide range of plant «ssues. A cons^uction w^ rSgm^nt oT^^J 
promoter controlled the expression of the reporter gene CAT. The authors reported that a fragment or « op 
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(.97 10 -130) Of ONA was r«.ssa,y » p-omoB .xpr^slon of 1« 0*T Jnoj-^V 'OP^J;^*'^^ 
factors-. 170-53S-S40 (1987) studied the anaerobic induction of the maize alcohol 

bp. respectively, of contiguous 5 gg^g (1997) continued the studies of the DNA 

o-f f i-^HiSr r o,ioS 

-1094 and ^lOe-bTof^aize Adhl gene was placed next to *e '^^^^''{^J'^J^r^^ ^CAT gene 

anaerobic induction in stably transformed plants by Ellis et a! sequences have 

linked to the promoter by exposure to heavy metal SZenttled c^s of adult mice upon 

kinase fused to metallotWonein-l p^^^^^^^^^ S,, 

r^sr is^rnTa gen^r^r^^^^^^ - ^ ^ 

to phoS. The foreign gene is controlled by phosphate .n the '""^ tissue to 

'oespite considerable effort to characterize the ^ 
homiones. the signalAransduction pathway from '^^^''^^J^JT't^'^^^^^^ no disclosures of 

plant promoter sequences ''^ ^^^^^^^^^^ in the field to control 

inducible plant promoters ^^^^^"^^^^^ promoter sequences and r combinant 

^;::riX:ZS:^ SZ:^^T.:Ts.1:TZ^ control o, Lected genes which can 
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Offer agronomic'advantag s. Forth r. this sp cificity of exp«8sion shoul^ amenab.e to externa, control 
through exposure to chemical substances which can be readily manipulated. 



SUMMARY OF THE INVENTION 



prorno er '^^J°^°^^'^^^„^^^^ of present invention is a nucleic add promoter fragment 
rmpl'ungTnu^^^^^^^^^^ 5 flanking promoter region of a plant gene t^o-ologous to the 

ir stmcLal aene of wheat, said promoter fragment being responsive in transformed plant cells to 
Em structural gene ot wneaj s p a expression of DNA sequences for selected gene 

'"'"'r rfoeTb?^ irkll o^^^^^^ promoter fTagment can be controlled with the proviso that 

sX Lorfragmen^^ a e n^t res^Tn^ve to p'haseic add. Preferred is a nucleic acid promoter fragmem 
such ^"^"^YZZ^dTs^xiencB from the s' flanking promoter region of the Em structural gene of wheat. 
SiZrot r"CeSt r™s:vJin plant cellltS compounds PO-^'-J^.--^^^^^^^^^ 
L exoression of nucleic acid sequences for selected gene products operably linked on the 3 side of said 
!i!mSr fraament can be controHed. The invention is thus broadly applicable for secunng control of many 
SenX Ssses r^^g^g from the alteration of existing regulation of endogenous genes in plant celte to 
Sno SSve regulation of expression of selected foreign genes stably incorporated m plant cells. 
pSISi cdSl^dT^sessing ABA-like activity include ABA. Compound C. Compound D. Compound E. 

^"%reTp^i:;rerp^^^^^^^^^ use in prac«ce of the '""^^^^^^^ 

qene of wheat, specifically, an 1850 bp nucleic acid promoter fragment More preferred ''/^'•^ 'sp nucleic 
ariri nroZter fraament Most preferred, by virtue of ease of use in constructs and effective use in plants. 
?f aT4 S S a 50 bp nucleic acid promoter fragment derived from the regulatory DNA^uence 
S^t^jinng the expression o? the Em structural gene of wheat. Such promoter fragments are also defined by 

nSt: Spe~ invention Involves a recombinant DNA construct ^^^^^^^^^^^^^l 
Drooerties of a protoplast comprising a nucleic acid promoter fragment of the Em gene of wjeat. and a 
DNA sSjuence for a selected gene product operably linked to said promoter fragment such that upon 
S^osuSra com^und posseiing ABA-iike activity said DNA sequence for a selected gene product .s 
Z?ess1d Anomer embodiment Involves a recombinant DNA construct capable of transforming a plant ceU 
comSg a nudeic acid promoter fragment of the Em gene of wheat, a DNA sequence « ^f^^^t^J 
oene orodui operably link^ to said promoter fragment, and a suitable regulatory sequence such that upon 
t^ZT^^^ZL^ possessing ABA-like activity said DNA sequence for a selected g^ne P™/"^^^^^^ 
eXsSd T?.ese constructs may be incorporated into DNA plasmid vectors to provide useful tods in the 
transformation of a wide variety of plant cells, plant tissues and plants. , i.<.i v,o«h r.f 

Yet aTott^er aspect of this invention involves a transient assay method to evaluate the likelihood of 
exprlssion 0* a sdSted gene product in a stably transfom,ed plant comprising the steps of (a) preparing 
Z^l^^ frnm rtee transferring to said protoplasts a recombinant DNA construct incorporating a 
SSISd p^motl Sgmen t oT tSe Em gene of'wheat and an operably linked DNA sequence for a 
Sedlene product, (c) incubating said protoplasts containing said construct with a cornpound poss«,s- 
fn^ABA-S t«S™ty. ani (d) measuring the amount of said selected gene product expressed in response to 

'"'AnT^erpScess embodiment of the invention involves a method for /^^^/^f^'^^^^ 
selected gene product in a plant comprising the steps of (a) transfomilng sa.d plant ^'th yecombmant 
?NA conduct incorporating a nucleic acid promoter fragment of the Em gene of wheat and an operably 
l^ktlTNTiqSS for a selected gene product, and a suitable regulatory sequence, (b) exposing said 
55 no a tomp'^nTpSse^ ABA-like a^ity. and (c) causing said plant to express said selected gene 

''"TSnliCecf o?"" invention involves a nucleic acid fragment for oontrolling ov-prod^ction a 
selector gene product in plants in response to drought conditions comprising a nudeic acid promoter 
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ARA inserted into the CaMV 35S promoter sequence. In this embodinnent. it is 



20 



25 



30 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fiaure 1 is a physical map of plasmid pBM108 as derived from plasmids P^;^26^^^^^^^^ 
Rau e 2 Z a physical map of plasmid pBM109 as derived from plasmids PB^IOS and pUCia 
Sure 3 is the n^^^^^^^ sequence of the Em gene 5 flanking region from -1328 to .6 from the 

' R^iure 8 is a physical map of plasmids pBM113A220.lO. pBM113A220.9 and pBM113A240.13 as 
'^^igre rT a pS' plasmid map of plasmid pBM117 as derived from plasmids pDH51 and 

Fiaure 8 is a physical map of plasmid pBM1 19 as derived from P'^^-^'^^Pf ^^^^f^P^^^J'., 
R^ure 9 is a physical map of plasmids pCS102 and pBMl20 as denved from plasmids pDH5i and 

Rgure 10 is a physical map of plasmid series pBMl65 and plasmid series pBM167 as derived from 

^'-"S,Sr°"fl^is\^TsiS^^^^^^^^^ 

K 12 is a physical map of plasmid pBM1170 as derived from p lasm.ds P|^ ^^""^^^P^^"^ , 
R^ure 13 is a physical map of plasmid pBM1130 as derived from p asm ds ^1^^^^^°^°"°'^^ 
R?u« 14 is a physical map of plasmid pBM3110 as derived from plasmids pBM311 and pBIIOI.1. 

DETAILED DESCRIPTION OF THE INVENTION 

«ro? a Jdioale a„?no add 3ss.methionine. Based on these -^^^^^ff^^'J^"^^ ^Ins^u^ 
Q-r^hl^ «?nift9.397 (^asZi named this protein "©arly-methionine-labelied". or Em. Em begms to accu 

not'accumulated. Wiiiiamson and Quatrano. §Hlg^i^5lg^-Jf^^^-f°ii^^ and 
10-* M ABA Is present in the culture medium, both the Em mRNA and protein '^^ , .g* ^ 

ILumulied. They further studied the regulation of «,e ^^^^^^^^ eTiJ onTof a famiS 

intact mature embryos (Williamson and Quatrano. Plant PhysioL. 86.208 9«8)v t ^^^oding 
56 of about 50 proteins that appear to be regulated in this manner by ABA. ^^ll'^^^^^^^^^^^^^Zces 
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"JlS SSoo^ ^ferto a sequence of DNA. usually upstream (5 ) to the coding sequence. whu.h 
Se DNA^equence of the promoter region. -Nucleic acid" refers to a large molecule «^''<=»^ ^^.^^^^^^ 

TdSa sequences mat codes for a specific protein. "Regulatory sequence;, as used herem. refers to a 

sin^S-TfrandS or double-stranded DNA or RNA. derived from any source, in which a 
Senc7s have been joined or recombined Into a unique construction which is capable of 'ntroducmg a 
™ter fragment and DNA sequence for a selected gene product Into a plant cell. As used herein 
« Cnocoty SoTusXt" refers to a plant whose seeds have only one cotyledon, or org^ o 

.hT^S^l which stores and absorbs food. Similarly, "dicotyledonous plant" or dicot. refers to a plant 
ItsTseTds J^e 1 colon's. A "protoplast- refers to a plan, cell without a cel. wall or extracellular 

""^'Ts used herein "transformation" means processes by which cellrtlssue/plant acquire properties en- 
code^ on a nuJeic acid molecule that has been transferred to the cellAlssue/plant. "Transferring" refers to 
Sods to tr^s4r DNaT^^^^^^^ including microinjection, permeabllizing the r^'T^ZlZZ 
Dh sicaUe 9 eictroporation) or chemical (e.g.. polyethylene glycol. PEG) treatments, or by .ntegration mto 
fh/ .^SS nuclelro^^^^ the bacterial vector Agrobacterlum tumefaciens . As used herem. "exposing • a 
prLpii o a^ia^to rchem^^^ substance refers to treating, incubatin g, contacting said protoplast or 
oSi? wS me substance The term, "operably linked" refers to the chemical fusion of two fragments of DNA 
STpCrorientSn and ^^^^^ fr^e to be transcribed into functional RNA. As 
-homotoS.us to- refers to proteins or nucleic acids having similar sequences of ammo ^^^'^^ or nucleohdes 
resp^cS i e.. proteins or nucleic acids with the same stmctural or functona Propert.es^ The term 
■ScpressioJ" as used herein, is intended to mean the transcription and translation to gene product from a 
aie coding for the sequence of the gene product. In the expression, a DNA chain codmg for the sequence 
He gene product is first transcribed to a complementary RNA which is called a ^^^^'^^^^J^' 
men the mus Ascribed messenger RNA is translated into the above-mentioned gene product. ExP^^s on 
whTch is costive and furmer enhanced by an externally controlled promoter ^^^ment mereby produ^^^ 
excesJ copies of messenger RNA resulting in me accumulation of more man nomnal quantities of me 
seSil gene pVoduct. Is deferred to as "over-production-. The -translation stert codon" refers to a unit of 
Ifudeotides (codon) in a nucleic acid mat specifies me initiation of me stmcturai gene or p otem 
rjq!ence. Chemical inducers" are compounds which Interact wim promoters to Ingger me expr«ss.on of 
ooerablv-linked structural genes, selected gene products or reporter genes such as au&. 

■5BA.Ite- compounds are compounds mat mimic me effect of ABA In one or rnore phys,ologK:al 
processes o^bloSys. such as stomatal closure, bud/seed dormancy^ inhibitton of seed 9e--t.o"^^ 
^^SDonses of plants to physical stress (c.f. Addlcott. Abscisic Add. Praeger Publ.. N.Y. 607 PP^ (1983). 
A^Scott ar^d Jyon. Ann_ 4v, Plant Physjol, 20:139-16411969): Zeevaart and Creelman. Ann, Rev, Plant 

^^'^"f^jy^'"^^^^^^ can indude a protoplast(s) (plant cell wimout a cel. wall) an isolated cell(s) 

" " %rSc"rSr?co'S^^^^ used mroughout mis invention are known to those s^ed In Ihe 
art and are generally described in Maniatis et al.. Molecular Cloning: A Laboratory Manual. Cold Spnng 
Harbor Laboratory. Cold Spring Harbor. N. Y. (1982). 
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Enzymatic Treatments of DNA 



Restriction Enzyme Digestions 
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plasmid DNA. The -action m^^^^^^^ «e --^^^J,,-^^^^^^^ when the optima, 

temperature for 1.5 hours. Digestion of DNA witn """"'P'j J"*^ ^ ^ conditions are sufficiently 



2. Ligation 
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3. Fill-In/Chew-back Reactions 

'^T^NA^^Btase may be used for fiiling-in restriction sites which leave 5 overhangs and for 

STiSuSs to avoid Unwanted filUng-in or chewing-back of secondary restricton s.te ends. 
4 Exonuclease Ill-Mediated Deletion 

position such that the first site li s I^^^SS J^Tto prep^e Sr L S^on reaction. The 

cleaved with the restriction enzymes (as described above) to prepare ror me w 
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molecule must be protected from exolll Oigesucn wnn n« ^ nrasence of 40 uM each of the four a- 

^ «n ir« SI nuclease mix consists of 40 mM potassium acetate (pH4.8). 0.33 mM NaCl. i.JS mwi 

'"'''''T^'ZXTZlSe^^^^^ and 40 ul of ligase mb< (50 mM TrisJ.C. (pH 7.6). 10 

mM MgcTl mM A^^^^ 1 DTT containing 0.005 units T4 Ugase/ul) is added. The tubes are 

"'^rr-iart^-pr^T^^^^ — d m 

•Tra^Jorl't^n ;f eLLt'cellsr Individual tran8formants-i?& analysed by isolation of plasm.d DNA 
(smJJl scaTe) followed by restriction digestion analysis and/or by sequencing (see below). 

Gel Electrophoresis of DNA 

dissolved ^n 100 r^l 1 x TBE. To this solution. 0.225 ml of an aqueous 25% ammon.um persulfate solution .s 

^"^^Hc^r aHriino ss ul Of N N n' N'-Tetramethylethylenediamine (TEMED). the solution is pipetted into a gel 
.,H To 4 Z^omb andO 7^^^ and approximately 0.5-1.0 ug of DNA is loaded per 

fransiHumlnator. The gel is photographed using a Polaroid camera and Polaroid 57 film (Polaroid Tech. 
'^mTT'S:>eZ°uT?oivscr^^e gels as follows: the desired band visualized by ethidium 

^Th^S rirnVeS^^^^^^^ and the supernatant removed and pooled with 

the ZmaL:: Tm thTrs'T'cfnUgation. The pooled -^^T^^X't^^Zl^Z^'^^^ 
column to remove any residual polyacrylamide gel pieces and the DNA in the sample Is precipitated two 
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manipulation, , , iPA flnarn<sd neis usina the buffer described above 

Agarose gel electrophoresis of DNA Is performed " ^^^^^^^f^^^ concentration of 0.5 ag/ml 
for polyadrylamide gels. Ethldium bromide is ^^ded to the ^arwe ^ electrophoresis, the 

prio° to pouring the gel. No ethldium brom.de .s '"^'^^jf ♦^^^^ 

DNA is visualized on an ultraviolet transniummator and p^^^^^ ^^^^ N„ 

from agarose gels by electroelution onto OfAE-cellulose pape (Schle^he^ 

,0 03431 cat* NA45). The ONA Is ^'^t^.-^.^"-^ f^^Naa for 1^ aid ie eMion of tie DNA. 

Tris/HCI. 1 mM EDTA. pH 8.0) contam.ng mM NaCI for 15 2^^^^^ 

the contents of the tubes are mixed by vorte«"g *«m ^^^0 .^^jf^JJ^^^!^^^^^ resultant mixture in a 
eluted ONA is precipitated by addition of "-^^^ °* «f "ths DNA is pelieted by 

dry ice-ethanol bath until the con.en^,n ^^^^^^^P'^/f^Hs m?Ies Troom temperature and 
,5 centrlfugation of the tubes ma once the phenol:ChCl3:isoamyl alcohol 

20 resuspended in the appropriate buffer depending on the next manipulation. 



Transformation of Bacterial Cells 

„ Transformed of E. SSl^^^;::^ ?:!:Z^:iZTd^^^^^^^^^ 

Genetic Engineenng . Advanced Jaclenal Genejcs. CoW |pring Luria-Bertani (LB) 

77(1982). cultures are ThlbSTe rial ds a): pelletei by centrlfugation in a 

medium) to early log phase (CD ® ^50 - about o.d). '"^ oej resuspended in 1/2 volume of ice-cold 
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Preparations of Plasmtd DNA 



SO 1. Urge Scale Isolation of Plasmid DNA 
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.oom temperature for 5 mir^utas. Lysis solution -"f ^X^^;;,',^^^ 20 

a,M EDTA and 5 mg/ml of lysozyme. the 'yf^V"2^J,^.ng^a^^^^^^^^^^ 

ml of a solution of freshly-made, ice-cold 0 2 N NaOH. ^Z' '^i""^,'^'^^^ Acetate solution is 

thoroughly mixed and incubated on i^ '"2irr30 sec T?,e^^re ^ thenTncubated on ice for an 
added, and the contents are mixed by '''''^''1°^^^^^/^'^^^ by addition of 60 ml of 5 IVi 

described belovv^ successively in cesium chloride-ethidium 

.ashed once with 70 p^^^^^^^^^ 

rpSd^'Si is^: re^S^^^^^^^^ of a vo.u.es of athan.. „^ acid is pelleted by 

cenSfugation and dissolved in a final volume of 0.5-2.0 mi of TE and stored at -20 C. 

2 Small Scale isolation of plasmid DNA 

? c^fLr. 1 ?'m7ESS7rfTube and the ceils are harvested by centrifugation at 14.000 x g for 1 
^ ««llI;L ceL ifresusp^^^^ in 100 ul of ice-coid. lysis solution (previously described) to 
Z^-:::^^:^::^- pnor to use. The tubes a"^^^^^^ 
minutes, then 200 ul of a solution of freshly-made, .ce-cold 0.2 N NaOH 1% SOS ^re added^The tui^s 

After tney incuua transfen-ed to a fresh tube and extracted with an equal volume of 

:h?n«TcHClti?oamvi Tcoho (25 . ^e Uibes are again centrifuged. as above, at room temperature for 

bisuTfo^T^ii^^r^^^^^^^ 

DNA ^Jth tSn^r^riate restriction endonucleases. The fragments produced in the digestion are analyzed 
rele^ophorSTSarose or polyacrylamide gels as f ^^^1",^^^ a^ ai's'o" r U^^ 

initiate cuUures originating from single colonies for large scale isolation of the P'^"''^^"J ^iso for the 
preSation of bacterial stocks which are stored at -70* C in LB medium containing 20% glycerol. 
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DNA Sequence Determination and Analysis 

""pias^id ONA was prepared fS^^^'^S) ^ 

combination of the method of Z«9»'^^' SaBflbmmercia y from U.S. Biochemical Corp.. 

with the Sequenase«8 Sequencing Kit (Cat. f 0^00) availaDie comm y 

Ceveiand. Ohio 44122. The p.^rr^d DNA s sequenced J j^'^-^^^-^s ,dded and mixed well. The 
sample, in a total volume of 8 al. .s placed f ° J '"^^^^^^^^ ^ ^ pri„,er oligonucleotide. 8 ul of 
tubes are incubated at room temperature ^^'^'""''^^^^^^^^^'f^^^ The plasmid and primer are co- 
HaO. and Sul of 3 M NaOAc (pH 5.2) are added ^'^^^^^^^^^ for 20 minutes. The nucleic 

precipitated by addition of 75 ul ethanoi and .ncubat^on resuspended In 8 ul H^O 

b^T^z::z:szvi^ ?e~:;r&T.r2oo mM t..Sc. ph... .0 

MgCh. 250 mM NaCI. These are c^ledthyn^ ^ temperature by 

The samples are '"cubated at 65 C for 2 ^'""^^ ^ temperature. While the 

placing the samples in a beaker of 65 C H2O ^'l ^ q ^ t. and C) and 2.5 ul of the 4 

«Kl IncubateO M 37- 0 W 5 minuMS. These «e now »! ' » y. 0). »«i «» IncubaUon Is 
^7 n-tn 'i^T^;rsX'« — Tr^on: oi so..on „ -de.. 
continu«l M 37 c tor an eoaioo™ o m K™ol»nol bhje. and 0.0511 xylene cyanol. 

Stop solution is 95% '^'^■^^^^'^\''^,^^^JicmM^ on a 6% poly«.r,l«i;ld. 

se jeranrr^r.n-'S. ^27^.^^:^^^^ 

srn^ r^^™"p^ » x« - - 

2 days at room temperature. 
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Plasmid Constructions 



Piasmids may be constructed using .^ric^^^^^^^ 
described above and which are wei known ^ ^^"^^ ^^^^^ by cSgesting plasmid pEAS41.8 which 
The promoter fragments of DNA of this .nventon may be objamed by °'9®f J 9 ^ accession number 
has been deposited in the American Type ^.^ 
57647. with the restriction endonucleases ^"J^||^^;"f„ '^'p"^;^ orientation and order (hereafter 
1500 and 354 bp. These fragments are 1°'"®^^ together, m 'J® P~P gene whose 

referred to as the 1850 ''P tJci^^: ^T^e c^S^^^^ "nkage o!ftSe promoter 

expression is to be controlled by ^^^.^^""'^"^^ capable of growing in bacteria, for 

fragment of DNA and a desired gene ^y be pi«:ed^^ a plasj«d ve^to cap g^ ^ 

convenience in P^^;;"^ ^^^^^^^^^^ 'IS^torl^ ^ty sSltSe enzymaL digestions, isolations 

further reduced in length to contain 640 bp. 254 ^P P / ^ 254 bp and 50 bp promoter 

and ligations. When operably linked to a gene or ^NA sequence. sa,d e^ P molecular 

fragmlnts retain their ability to respond to P;«^«^^^^^^^^^^ be orwerdonf as d^^^^^ in the section 
m^ipulatlons of DNA to construct the piasmids ««sclosed bek.w ^^^^^''^^ ,3, fi„ing.in 
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Isolation of Protoplasts 



12 



EP 0 335 528 A2 



10 



J^TeM^sS n975) containing 2 mg/ml 2.4^ichlorophenoxyacetic acid and 3% (w/v) sucrose. plH 6^0^ 
18. 659-oea {^^fo) wiuaiinny subcuHure by overnight incubation 

floating layer. Cell counts are made with a Fuchs-Rosenthal hemocytometer. 



15 Transformation of Protoplasts 

PratoDlasts are transferred as follows: Protoplasts (1-5 x 10^) are centrifuged gently (80 x 9) for 2 
Protoplasts are iransierrea amoved and discarded and the tubes are shaken gently to 

minutes m stenle tubes, ^he superna^an .^^ ^,1^ which the protoplasts are to be 

loosen *e protoplaste fjx.rn J^^^f/^^^^ ^^'/p,^^^^^^^ The tubes are shaken gently to disperse the 
" SSTnThe DNA s^o l^^^^^^^^ ''^^ (Pc-ysciences Inc Warrington PA 

W^STt? mlTand 3 rnM CaCI. is added. The resulting mixture is mixed gently for 10 seconds, then 

rrefar?in'cl°iedtl^^^^^^^^^^^^ t^en centrifuged at 80 x g for 4 minutes. The 

superataTs%::o:S'rdVeVtopl^^ are washed once wiU, nO ml ot a^o.ution of Krens^ F so,u.on 
Tha nrotoniasts are resusoended In protoplast medium (0.2 mM KHaPO*. 1 mM KNO3. 1 mM wig&ut. i 
Tm To?Sculi^TJ^^Ok 10% mannitol. pH 6.5) at a density of 1 x 10« protoplasts per ml and 
TncubLd i 25- C In the dark, for the desired periods of time, with or without ABA. phase.c ac.d. 
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incubated at 25 
Con\pound C or Compound D. 



GUS Assay 



Protoplasts are harvested by centrifugation at 80 x g. ^J^^"!.^^"^^^^^ 
buffer (50 mM NaPO* (pH 7.0). 10 mM 2-mercaptoethanol. 10 mM EDTA, 0.1 /o Triton X-100. o.i /. w 
S^^ylSLsl) The sus^^^^^^ containing the lysed protoplasts is transferred to Eppendorf tubes and 
in ! m rmfuaa at 14 000 x a for 10 minutes. It is possible to freeze the suspension of lysed 

" nThe "xt ac7o Sr J «i a^sTy'ls to be performed at a later date. Forty-five a. of the supernatant 
? insflr^dTa tube containing 755 ul H.0 for analysis of protein content Protein content is determined 
using the Bio-Rad Uboratories. Richmond. CA 94804. microassay. For me assay. 0^2 
Snienwte is added to the 800 ul sample and the absorbance is measured ^^^^^''''^'''^"^'1^1 
wavSeno* of 595 nm A Standard curve must be calculated using a protein such as bovine serum albumin 
TnTraltt'of ^" telnt the experimental samples is read off ^He^tandard curve The^^^^^^^^^^ 
so detemiined. is multiplied by a factor of 2 to give the Protein content in ^''.^^ ^^^^"^^J^y^ 
amount of extract in a single time point of the assay-see below). Of the remaining supernatant fluid. 405 ul 

prewarmed 405 ul protoplast extract, and a 100 ul aOquot is immediately «^a"f J^* .^J J« ' °' ^and 2 
micromer dish containing 0.9 ml 0.2 M NajCOs. Similar allquots are removed at 0.5 hour 1 ^our and 2 
Zr? or at 1 hour 2 hours and 4 hours, and the microtiter dishes are stored in the dark between time 
Joints -^e dlslrmay be exLned for the fluorescence of 4.methyl umbelliferone (4-MU) the p^uct of 
dtoeSed 4-MUG by means of an ultraviolet transilluminator. Individual samples, from each time 
ToTmay be Sa^iine^^n'a flo'urlmeter for quantitative analysis. In the case ^^-^^^^^^^^ J 
desi^ the excitation wavelength should be set at 365 nm and the emission wavelength should be set at 
St^daiSV ofT^ (Sigma Chemical Co., Cat* 1508). are also measured on the fluorimete 
(^/pic^y tZt^^tLns of lOo'nM and 1 uM) and the specific activity Is calculated as the picomoles of 
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4.MU produced per ug protein per hour of assay. 



Transformation of Plants 
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sequences. Using the methods of this invention, one determine those sequences that 

recognized in rice protoplasts using a ''^'^'f * ^^^^"^^ screening of 

are required for the '"^^^^^^^^^^^^^^ structure/expression 

numerous analogs of a chemical inducer or gene « renulatorv realons of the gene and 

''''?he mfnTro^^^^^^^ recombinant ONA constructs of general utility is to p.ace 

oene aus into lobaceo pterls via Ihe Bacwnal »«»or Wbaclenwi timefedeni M »M tot 

fJm JtTrS^lnalvs^^ of GUS expression throughout the life cycle of transgenic plants. Although th 

sequences from the monocot wheat are recognized and operable in the dicot tobacco. 
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Chemical inducers 

To bring plant gene expression und r xtemal chemical control in the field requires that the ch mical 
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will nave ^ ^' -aQ.lraQ.ATa M988n For example, when sprayed on leaves, ABA will cause 

"Te'JansSlTaiay and the experiments with transgenic plants outlined above will provide excei^nt 
tests Ich S lllow us to optimize for field applicability traits as well as gene '"^uaj^ty effectiveness of 

oSgen. Both o? these compounds are structurally very similar AB^ and are func^^^^^^^^^^^ 
they both inhibit seed gem^lnation. Jung and Grossman reported ^iL^^^g^fi^^Jif^e St^to 
I A«r«n rmo «?ci 153-14-22 (1984)) that various terpenoid denvatives are very ABA-like in tneir aoimy w 
J. ^ron. Crop 8^153. 4^^^ ^^^^^ ,^3, gengscence and Increased 

Sr.rgre-» 

o.5'J.9-tetrS.eS-8-^^ -ethyl-4.(4.methyl-1.3-dioxolan-2-yl)-3-buten-1-yn^^^^^^ F 1^4 

D oxa^Diro[4 5]dec-6.en-8-ol.8.(5.5-dlmethoxy-3-methyl-3-penten-1-ynyl)-2.7.9,9-tetramethyl-] are cleany 
AB^S iie^^^y^for Lr ability to close stomates and promote leaf senescence (^""9 and 
r!r«rl«nn J Phvslol 121:361-367 (1985)) as well as increased chilling and freezing resistance 

fF orera|-J^t^;Jl3i62-369 0 We would predict that all such ABA-like compounds 
Sah^servf as-chScaTTObrs of our Em promoter/Qus construct. Using our specific and raP.d^ansient 
rjsay nZtoplasrrUrres of ABA-like chemical inducers, that may have reduced or no e«ects on the 

"'"Tadditlon to screening various ABA-like compounds for the most effective inducer, one can also 
indentiW fn iSe L5enr«say. the smallest and most responsive promoter sequence to these compounds 
SHouid detet?sSonrof me promoter until the smallest fragment is identified, facilitating subsequent 
^MlT^i^SZ^-rlgvlBX^ sequence Into other promoters/genes. In addition, one can make base 
TbSSnrin this small f?agmem to further delineate the specificity of control for each -nducer. The 
Tom^S use of hisTapid pTeliminary screen in protoplasts, with testing of the inducers on t-a^genic 
pS under fieS conditions will result in the optimal structure/function combination of chemical inducer and 
controlling sequence for ideal control of gene expression in the field. 



Stable Transformation of Tobacco 

In order to introduce DNA constructions into plants, the constructions are mobilized from |; ££11 
HB101 tto Aqrobacterium tumifadens. str^n LBA4404. E. cdi strain "^^O^' S^J^^..^^'!^^^^^ 
«BK90i3 is uLd as a he l per for the plasmld mobilization in a tnparental mating. LBA4404 'S grown 
nlmfaht'at 2^0 1^5 ml Of minimal A-sucrose medium (37.5 mM (NHO^SO*. 165 mM KHjPO*. 300 mM 
THp t ^5 m'r.^sodiu: clri 1 MgSO. 0.2% sucrose. 50ug/rn' thiamine). The HBio^^ 
^e orown at 37* C in Luria-Bertani (LB) broth containing the appropnate antibiotic for 3 to 6 hours (to 
JpSLly 6-8^ lS« cLlls/ml). The cells from all cultures are pelleted by centrifugation and resuspended 
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TO 



15 



20 



In 5 ml LB broth (to remove antibiotics from the f^e^l^^^^ derivatives and 200 ul of 

iL^i^S^e^X-S^b^ la'a. !*<*»» «. carted 00. »e ™««- 

^-r^r r.,:sss":r s » r .... . 

» k»amyew ». .r„s*r™d » =0.1 and .row. in . S-ow^ 'hr*"- •» 

plan» aevrtop no« buds, each mOorMcsnoe is b^ed » ensure soil Po"'"*™"- .voresston 

^ Ssods 0. ttanslomied piants m harvesMd at various d»«iopm«.al sagas » assay I" wression 
of BUS AtSr^o^^ma oapsote from »a plart. M. » capsule wall la cut and cen»ved ;» "Oa ™" « 

„ JsSSl^V Zkml^ Wter. The «»pl«. a™ vortexed end »an " 
S^rci.Sd^ .)lA Sam) Each sample Is apii. Into *o Ependort tubes. «,an ground «vi assayed as 
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""'^fe prSnt invenUoa is further defined In the following EXAMPLES, in which all parts Percenteges 
ar Ty Sht Jnd degrees are C Isius. unless otherwise stated. It should be understood that these 
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EXAMPLES. inaica«ng P— — ^ ^'^^^ ZTo^^! aTerreTsra. 

:zz^':^ - s.. - s^.^^^^^^ can .a. ...^ 



EXAMPLE 1 
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Construction of plasmids pBM107 and pBMlOg 

resulting P'^^f ' P^J^l^J' ^^^^^^^^^^ was then digested with the restriction 

Tulh^e ost S smTer fragment. This resulted in the removai of the -^'^o" -'^^-"^^^^^^ 
^mai BamHl Xbal and Sail from the polylinker region of pBM107. The resulting plasmid ^PBM10«- ™5 
SiSlnSe QuHLne and the CaMV 35S 3 region on a 2099 bp Kpnl fragment. The construCon 
of this plasmid Is diagrammed in Rgure 1. 
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Construction of plasmid pBM109 

Th« 2099 bo Konl fraament was cleaved from pBMlOB with the restriction endonuclease Kpnl. isolated 
T^t ^J^o^oT^lLsctibea Bbove. and inserted into plasmid pUC18 at its Kpnl restriction 
Lon clL^sTrThe rSmtm^^^ the opposite 5 to 3 orientation with respect to the I^Z 

J^n^wSralrrdy resided in pUCIS. The resulting plasmid. pBM109. Is extremely useful because of the 
SesencTof S^^^^^^^ eviction sites just 5 relative to the GUS gene. Putative promoter sequences 
S be ctoned into these sites thereby allowing the use of the GUS «f ^ ^^^^7;^",^,,^^^^^^^^ 
orwnoter activity. Plasmid pBM109 has been deposited In the American Type Culture <'^^5r' 
RrkvS. Sr2085?-1776 on March 2. 1988 and bears the ATCC access.on number 67648. 11.e 



Rockville. 

construction of this plasmid is diagrammed in Figure 2. 



Construction of piasmids pBM112 and pBMVta 

TH« «n..rr« of the Inducible promoter DNA sequence of the wheat Em gene is plasmid pEAS41 .8, which 
has^etnXostJ; rleSS^ -S^ Culture Collection (ATCC). Rockville. MD 20852-1776 on March 

TJ:^ r^|4r8'Ja?dSer™^ endonudease Aha., and the s' overhang w^ fHled- 

in as dTcri.^?Je Pl^mid tas then digested with the restric^on en^Jonudease |a» ^ec^opho^jed 
nn » 1% aoarose ciel Two fragments were isolated: a Sail fragment of about 1500 bp and a Sall-Ahal 
Lment o?S bp TWr354 bp fragment corresponds tTpositions 981-1334 of Rgure 3 and consists of 

constructed by ligating the 354 bp Sall/blunt-ended-Ahall fragment into SalUSmal digested pBM109. 
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are preferentially recognized in plant systems). 



10 



EXAMPLE 2 



75 



20 



25 



30 



35 



Construction of plasmids pBM1 1 3Kp and pBM311^ 

?pSisiS oriJnteSon. The construction of these plasmids is diagrammed in Figure 5. 



40 



EXAMPLES 



« Construction nf r r"^'^^--^^^ 1" nBM113A220.9. pBM113A240.3. and pBM117 

sensitive to exolU digestion at the Bglll site. „,,«„iH a.^ described in the section entitled 

incubated at 37* C overnight and placed at 4 C the following day. 
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Bacteria originating from Individual transformants from the samples of the ^.a^ous time .nterva s were 
analyzS isoLon ti plasmid ONA (small scale) and restriction nzyme cUgestion. ^he .sorted fj^m d^^ 
were digested with the restriction enzymes Kpnl and Pvull concomitantly. These enzymes were chosen for 

the ^-^^--'^1^''^^^^ „„„ the Kpnl site which defines the 5 border of the Em promoter 

fragment n to be presnt in pBM113Kp was iSitThe loss of the Kpnl f « j"^'^^^^^^^^ °* 
sufficient DNA so that the fragment remaining has less of the promoter region than that in pBM1 3Kp 
sufficient DNA so ^ ^^^^.^^^^ ^^^^ ^ translatonal 

initiation codon (ATG) of the conitFIIct would allow estimation of the deletion endpomt using the sizes of the 
fragments produced upon digestion. 

Several transfomiants harboring plasmids of interest were selected The plasrr^ds are n^ 
DBM113A220 10 pBM113A220.9. and pBM113A240.l3. The constmction of these plasmids is diagrammed 
fn Riurn 6 A in the plasmid nle refers to Deletion, and the number refers to the time interva^ 
seS of Seston]. The endpoints of the deletions were detem,lned by f ^"'^.^nlS^ ^^f'tSf^S 
Ind found to be at -291 bp -254 bp. and -192 bp from the translational initiation codon (ATG) of the Em 
Tene :i?p^tiS:iy ThL^^^^^^ Srrespond to ^lons 1038. 1075 and 1137 in Figure 3. respectively. 



Construction of Plasmid pBM1 17 

Plasmid PBM117 is a derivative of the plasmid pBM109 Into which the promoter region of the 35S gene 
of cSr has been cloned. This was done by cleavage of plasmid pDH51 with the restnction endonucleases 

^Thf o?5SLig produced by Ncol cleavage was filled-ln as described In the section entitled '•Enzymatic 
TreJmerS^NA" The resuWfragmenls of the cleavage reaction we^ separated by ^'^^^P^^jJ^ 
on a 1% agarose gel and a fragment 535 bp In length, containing the 35S promoter region, was isolated 
from the gel as described in the section entitled "Gel Electrophoresis of DNA". 

1?^ plasmid PBM109 was cleaved with the restriction endonuclease Smal which results in the 
,inea74oToTthe'motecule. The 535 bp fragment isolated as ^^'^f^i^'^J^l^^^f^^^^^^^ 
ligated (as described In the section entitled "Enzymatic Treatments of DNA ) into the ^'-^'s^^^J 
pBMlO^ After transfomiing E. coli with the ligation mixture, as described in the section entitled 
"Transfom^ation of Bacterial Cills— a clone was identified which harbored a plasmid containing the 3SS 
promoterTrSgment of DNA. 5 relative to the GUS encoding region of ONA. and in the proper onentation. 
The construction of this plasmid is diagrammed in Figure 7. 



EXAMPLE 4 



Construction of Plasmids pBM119. pCS102 and pBM120 

Plasmid 0RAJ275 served as the source of the /3-glucuronidase gene (GUS) and has bf^" described by 
JefferSn in Ct Molecular Biology Reporter 5:387-405 (1987). The GUS gene In plasmid pRAJ275 differs 
^iTat in^jWi^ at the sequence surrounding the initiator codon ATG has been changed to 
Sr^S two new restriction sites. Sail, and Ncol and in the Introduction of a s,ngle "^^.on s^e for the 
resection enzyme EcoRI at the 3'-^d of thTgene. The Ncol site contains the translational start codon 
ATG) id ts SelSmedlately 5 by the Sail site. The QU-Sgene was cleaved from plasmid pfVU275 by 
stqSnS clerage Of the plasmid. as descTibed above, with Sail, after which Ihe Sail site was filled-in as 
described above, followed by cleavage with EcoRI. This digestion results in the GUS gene being on a 1^7 
Sr^Sment one such fragment wi isolatid-from a 1% agarose gel (described fove) and ligated into 
pScil wSh had been cleaved Identically as was pRAJ275 (i.e.. Sail digestion. ^««^ ^^'^.^^^^j;^^^^^ 
filled-in followed by EcoRI digestion). Individual plasmids were analyzed until one was identified which 
ca^d the ^?genels the Suiting plasmid is pBM119. The construction of this plasmid is diagrammed 

'^Jtesmld PDH51. which served as the source of the 35S 3' sequences, was cleaved with t^e 
enzyrnes Ncol and SphI after which the ends of the fragment were treated with T4 polymerase, as 
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described, to.create blunt ends. This treatment results in me ..berat^n c. a ^^^J^^^^^^^ ^ 

''''SrsmSrcS?oTwi Cleaved with EcoRI and the 214 bp fragment carrying ^^fnl^'eS^ur^e' wfs 

rso.E«teM^^^^^^^ 
,0 isutng plasmid^ pBM120 and the'construction of this plasmid is diagrammed .n Rgure 9. 



EXAMPLE 5 
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35 
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SO 



Construction of Plasmlds pBM165 and pBM167 

^SsTr'rpST^.U.n. « cop.,. C *0. t«m «. »h,ch »e « 5- » oHenU«». 

srrpsra~rJir.srorrr-s^"!p. c„«« ™ <*tcc,. ro.«,. 

regions from the plasm.ds pBIVII 65-2 and P^^]^^^^"^'^.^ ^„ f....^.-^^ as described. The plasmids 
with the restriction enzyme Sail and the ends of '"'^^iVrija^^^ which the EcoRl 

containing the 56 bp oligo being on a 599 bp frasmeni tor piBsn w g^,, 

and they are as follows: 

PBM167-11: This plasmid contains the promoter region from the fl^s-^d PBM^65 2. 

plasmid is PBM152 and the construction of this plasmid .s diagrammed in Figure 11. 



®^ EXAMPLE 6 
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Construction of Binary Plasmlds pBM1170. pBMIIgO and pBMgljO 

Binary plasmicJs are plasmids which may be propagated in several hosts. Many plasmids oHIiis type 
are S for ^e Agro bacterium- mediated transfcmation of certain species of plants espec.ally tobacco^ 
Sn^rconSmcts were made for the stable transformation of tobacco with several of U.e promoter-QUS 
cTnSLT?^ in the transient system described above. The binary "^^J^^ J^g^^^^^^ 

♦kIJL hinaru nia<!mids was oBIIOl 1 and has been described by Jefferson et al. ElVIBO 8.3901-3807 psa/j. 
SSmrpSlof 1 is a d?rt^^^^ plasmld pBIN19 into which a -promoter-lesFGUS cassette has been 
rnsertel Thefef^^^^^ has% plant selectable marker, in the form of a -^^'^^'^^J'^?!^^^^: 

e ^e gene (nptll). driven by the nopallne synthase promoter. «hich encodes resistance to the antibiotic 
kanLycin. A»^Ltructs were mae by the ligation of gel-purified h«ndlll/EwRI fragments. 

^gSon of PBI101.1 with these two enzymes results in the llber^on of an «PP™«7^^. ^ 
franmirt^rontainina the "oromoter-less' QUS cassette from the vector. This fragment is not used in the 
Sru2s emJnVv^^^^^ (approximately 10 kbp) was gel purified as described above 

S^gJstioTof plasmid pBM1l7 with the same two enzymes results in the liberation of a 2687 bp fragrnent 
S the vector sequences containing a 35S promoter-QUS-35S 3 cassette. TOs 2687 bp fragment will be 
caited fragment A Similarly, digestion of the plasmids pBM113Kp and p8M311 with the ^« ^^^^f 
results in the liberation of 2802 bp fragments from the vector sequences, These fragments (B and C. 

fspectilely^ cS the Em promoter-GUS-35S 3 cassettes with the Em promoter ^'J's!^ 
orfentauonin fragment B and in the reverse orientation In fragment C. All three of these fragments (A. B and 
C) were individually iigated Into the binary vector sequences purified above (the approximately 10 kbp 

'TndM^u^ b'inrrJ'pJlsmlds were identified which now contained the relevant promoter-Gus casse^; As 
such, these plasmids now contain a selectable plant marker (kanamyc.n resistance) and ^^P^°P"^*« 
cassette conteining an experimental promoter-QUS-35S 3 construct. Plasmids pBM1170. pBMl130 and 
TbS 1 0 are Wn^y derivatives of plasmids pBM117. pBM113Kp and pBM311 respective^. The consbxic^ 
L of these plasmids are diagrammed in Figures 12. 13 and 14. '^P^^^y-^^^l^'^ ^^^^^^ 
were introduced into the Gram-negative bacterium Agrobacterium tumifaciens by «ie method of «r'-Parentel 
mating and subsequently infroduced into tobacco tissue by Uie method of leaf disk transfomiabon (see 
section on "Transformation of Plants" and "Stable Transformation of Tobacco"). 



EXAMPLE 7 



Response of an 1850 bp Promoter Fragment (pBMl13) to ABA 

Protoplasts were isolated, as described in the section entitied "Isolation of Protoplasts" from a 
susoe^ion culture of rice. The protoplasts were either not exposed to DNA or were transfr^med with 
plasmid PBM113 DNA as described above in the section entitied "Transformation of P^otop^ste . The 
culture 0° protoplasts which did not receive DNA contained 1 x 10* protoplasts^ The c"ltijre to be 
transformed with plasmid DNA contained 4 x ^(fi protoplasts and these were exposed to 4 ixg of PBM113 
plasmid DNA. The culture with 1 x 10" protoplasts, which served as a control. v,«s '««^sP®"<?«'='J"J;i ^ °* 
protoplasts medium after the fransformation protocol and was incubated for 2 days. The culture containing 
Sansformed protoplasts was split into 4 equal aliquots each containing 1 ^'^P^l^^'^^^i^^* 
aliouots were incubated in protoplast medium either lacking ABA. or containing 10 ABA. 10-«M ABA. or 
1 0-' M ABA. respectively. These cultures were also incubated for 2 days. 

After the 2 days incubation, the protoplasts were collected by centnfugabon at 80 ;i S-TJ^ P^JP^^ 
medium was removed from the tubes and the cells were lysed by addition of 0.5 ml of QUS 'V^'s bfer e« 
described m tiie section entitied "QUS Assay". Each culture of lysed P'^^pf ts was Jen^sayed fo^^^^^^ 
activity as described above in the section entitled "QUS Assay". The specific plasmid DNA with which me 
protoDlasts were transfomied. the presence or absence of ABA. the concentrations of ABA .n which the 
cultures were incubated and tiia results from tiie assay were given below in Table 1. 
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Table 1 



Treatment 


Specific 
Activity* 
(Units) 


Sample 


Source of 
Input DNA 


[ABA] 


(1) 
(2) 
(3) 
(4) 
(5) 


NO ONA 
pBM113 
pBM113 
pBM113 
pBM113 


0 
0 

10"5M 
10"«M 
10-' M 


0.25 
3.87 
1167.65 
251.42 
4.74 



experiment. 



\T:.TZ'"^t^roT^>» P-.- « »e ...nee 0, DNA 
<T™«m.™ajm»te 1)^ ^ ^^^^^^^^ g,„„,^ „ „ , 01 «» Em 

c»c«,«i=n o. ABA relauve » ... o. exp,.».on in «» 

ABA in the medium (Treatment Samples 3-5). 
dependent on tlie concentration of ABA. 



EXAMPLE 8 



Time course of ABA Effect 



The source of protoplasts used for transformation is identical to that used in ^MPLE 7. Protoptote 
eithe?did noT^e^liS^SlS DNA or they were transformed with p.asmid DNA as descnbed .n the sect-on 
entitled "Transformation of Protopiasts". a culture 
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removed immediately after the addition of protoplast medium, and at 1. 2. 4. and 6 hours of mcubation. AH 
otoiL samples were stored at .70* C after collection in GUS lysis buffer and assayed the fo llow.ng 
S/ fHe presence of GUS activity as described In the section entitled "GUS Assay". The results are 
Shown in Table 2. 

Table 2 



10 



IS 



Treatment 


Specific Activity" (Units) 




Source of 


[ABA] 


0- 


1- 


2- 


4- 




Input DNA 














NO DNA 
pBM117 
pBM1l3 
NO DNA 
pBM117 
pBM1l3 


0 
0 
0 

10-5M 
10-5M 


0.30 
0.30 
0.17 
0.17 
0.17 
0.11 


ND- 

ND 

0.55 

ND 

ND 

4,38 


ND 

ND 

1.91 

ND 

ND 

42.93 


ND 

ND 

5.99 

ND 

ND 

290.09 


0.11 
10.00 
36.31 
0.16 
9.21 
712.80 



20 



in this experiment. 
"Incubation period in hours. 
—ND = not done 



25 



30 



The results in Table 2 demonstrate the following: . . ^ of 

1. There is no significant GUS activity intrinsic to the system either rn the presence or absence of 

^^^'7TX"::tnmcsnt effect mediated by ABA or, the 358 promoter-GUS construct (pBM117) 
implying that the effect is specific for promoter sequences normally modulated by ABA [n 

3 There is a time-dependent effect of ABA on the Em promoter-GUS construct (pBM113). 



EXAIVIPLE 9 



3S 



40 



45 



so 



5S 



Effect of Phaseic Acid on Em Promoter 



The orotoDlasts for this example are from the same source as that for EXAMPl^ 7. PratoP'^ste J^f^^® 
tran JfcrmTi^^:; c^ f thymu's (CT) DNA. with pBM1 13 P--'^0^^- pBM1 17 
procedure described in the section entitled "Transfomiaton of Protopla^ . CT DNA is non specific una 
derived from calf thymus and is used as a negative control in protoplast transformation. . 

Prat^L susVensio^ contaning 1 x 10* protoplasts were used. H^Iil^'^^A^frSI 
DNA we^Sisfomied by the addition of 25 ug of CT DNA and those being transfomied w.th DNA from 
PBM117 received 5 ug plasmid DNA and 20 ug of CT DNA. ^ontain«ri 2 0 x 10« 

Protoolast suspensions -to be transfomned with DNA from plasm.d pBM113 contained 2.0 x 10 
protoX? 0.^9 plasmid DNA and 15 ug CT DNA. After the ^-J^onn^Z''''^T.;^rsT^C^ 
trSmted with CT DNA and DNA from pBM117 were each divided into f J^^/ 
oratoolasts each) and incubated in protoplast medium. One aliquot was without ABA while the other 
conSS^IO-Il aSa. suspension transformed with DNA from PBM113 was divided into 3 al.quots 
Ts X To« protoplits each) and similarly incubated in protoplast medium either without ABA. with 10 *M 

'^'^^:V:^Z1:^::^r^. the protoplasts in each cu^re were co.lecjd b^^^^^^ 

and stored at -70* 0 in GUS lysis buffer. All aliquots were later assayed for enzyme activity. The results are 

shown in Table 3. 
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TABLES 



Treatment 



Source of 
Input DNA 



CT 
CT 

pBM117 
pBM117 
pBM113 
pBM113 
pBM113 



IAEA] 


[PAr 




0 


0 


2.02 


10-* M 


0 


1.81 


0 


0 


10.00 


10-^M 


0 


9.20 


0 


0 


8.24 


10-* M 


0 


31.51 


0 


10-** M 


8.36 



Specific 
Activity* 
(Units) 



experinrient. 
-Phaseic Acid 



The results from Table 3 demonstrate that phaseic acid, a structural analog and the first ^^^^^^^^ 
(CT) did not respond to ABA. 



EXAMPLE 10 



Equivalence of pBM113 and pSM113Kp 

The source of protoplasts for this example is the same as that used in EXAMPLE 7. For this example 
se Jal cXes each containing 2 x 10^ protoplasts either received no DNA or were trans^orm^^^^ ^ 

described in EXAMPLE 7. with plasmid DNA (2 ug) of the P'^^"^''^,.^ ^r J; 1 7 iS^A 

DBM311 Those suspensions which did not receive DNA. or received either pBM117 DNA or P^^f^^ 



In Table 4. 
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TABLE 4 



10 



15 



20 



25 



30 



35 



-to 



Treatment 



Sample 


Source of 




Input DNA 


(1) 


NO DNA 


(2) 


NO DNA 


(3) 


pBM117 


(4) 


pBM117 


(5) 


pBM113 


(6) 


pBM113 


(7) 


pBM113 


(8) 


pBM113 


(9) 


pBM113Kp 


(10) 


pBM113Kp 


(11) 


pBM113Kp 


(12) 


pBM113Kp 


(13) 


pBM311 


(14) 


pBM31 1 



[ABA] 



Specific 
Activity* 
(Units) 



0 


0.17 


10~*M 


0.15 


0 


10.00 


10-* M 


8.24 


0 


17.15 


10-* M 


563.05 


10-SiV4 


233.20 


10-«M 


109.77 


0 


18.50 


10-*M 


1170.09 


lO-^M 


403.70 


10-6M 


130.81 


0 


0.21 


10-*M 


0.45 



*Ten units are equivalent 
in this experiment. 



to 6,59 pmoies 4-l\/IU produced/M.g protein/hour 



Spiro'nTeus :c5X'4mT.^^^^^^ and pBM1l3Kp .s regulated by the presenc'e of 

'^'T^:l^:':rSis!X^o .o. ^^..^^.U^s, pBMUS and pBMmKp. .s not onj; 
regulated by ABA, but the level of expression is dependent on the concentration of ABA in the medium 

'^'""^""CZ^^^pSmV^^^ Which contains only 652 bp of the Em promoter region, behaves slmi.^ly 
to the plasmid pBIVI1l3. which contains approximately 1850 bp of the Em promoter region (Treatment 

^^'^''T RasmifpBM311. which contains only 652 bp of the Em promoter region linked to QUS in the 
wrong orientation (unoperably linked) did not significantly express QUS activity when t«ated w^ ABA 
arJmerA Samples 13-14). Furthermore, the low levels of activity seen with the ^^^P"^"'"' J'^'J'X 
opJSlylked to QUS (pBM113Kp) when incubated without ABA. is totally abolished when pBM311 Is 
used (compare Treatment Samples 9 and 13). 



EXAMPLE 11 

45 



Response of a 254 bp Promoter Fragment to ABA 

The source of protoplasts for this EXAMPLE is the same as that used in EXAMPLE 7. Transformations 
were perfoled usfng 2 x 10« protoplasts and 2 ug of plasmid DNA (except for t^^^^^^^riti?) 
did not receive DNA). Each suspension of transfomied protoplasts was spW equ^ly (1 x 1 0 P^toP'^^^) 
into protoplast medium either without ABA or with 10-M ABA and Incubated at 25 C 
hours The protoplasts were then collected and assayed for QUS activity. The results are given m Table 5. 
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TABLE 5 



10 



15 



Treatment 


Specific 
Activity* 
(Units) 


Sample 


Source of Input 
DNA 


[ABA] 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


NO DNA 

pBM117 

pBM113A220.9 

PBM113A220.9 

pBM113A220.10 

pBM113A220.10 

pBM113A240.13 

pBM113A240.13 


0 
0 
0 

10-* M 
0 

0 

10-* M 


0.86 
10.00 
21 .83 
282.90 
21 .29 
802.31 
1.83 
4.3 



this experiment. 
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30 



The results of the above experiment demonstrate: , a/*oa a«w 9«ii hn 

1 Wasmids containing fragments of the Em promoter to -291 bp ^^113^2^ °) ^^^^J^ 
(pBM113A220.9> 5 from the translation start codon (ATC) operably linked to GUS still retain the ability to 
be induced by ABA (Treatment Samples 3 and 4; 5 and 6). oMii-iAOdn < from the 

2 A plasmid containing a fragment of the Em promoter to -192 bp (pBM113A240.13) 5 from 
translation sf^ codon (ATG) operably linked to GUS cannot be induced by ABA (Treatment Samples 7 and 

^' 3. Deletion to -192 bp from the ATG not only prevents ABA enhancement of ^^Pllf°^''°;^'^^^ ^ 
promoter region but also abolishes the low level of expression seen in the absence of ABA using longer Em 
promoter fragments (Compare Treatment Sample 7 with 3 and 5). ,„ »h« Pm nmmoter M92 

4 Plasmids PBM113A220.9 and pBM1 1 3A240.13 define a region of 62 bp in the Em promoter ( 192 
to -254)' at least part of which is necessary for the ABA induction (ABA regulatory region). 



35 

EXAMPLES 12/13 



Effect of two ABA analogs (Compounds C and D) on Em Promoter 

The source of protoplasts for this EXAMPLE Is the same as in EXAMPLE 7. "T^e fransformation ^ 
perfoTmerin duplicate using 50 x 10« protoplasts and 100 of P'-^'*^ ^i^'^.^^^^^^^^ 
were split four ways and incubated in culture medium containing either ABA. Comjwund C. Cwn^urj D 
« or witS no Editions, at 25*0 in the dark for 18 hours. The protoplasts were then collected and assayed for 
GUS activity as described. The results are given in Table 6. 



so 



SB 
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TABLES 



Sample 


Source of 
Input DNA 


Additions to 
Culture Medium 


Specific Activity {pmoles 
4-MU/u.g protein/hour) 


1 
2 
3 
4 
5 


No DNA 

pBM113Kp 

pBMIISKp 

pBM113l^ 

pBM113Kp 


ABA 

Compound D 
Compound C 


2.05 
3,24 
50.25 
38.89 
8.40 



^Srp^"undf C 'J:~.^:J:T:S'^^on.^ analogs of ABA. induce expression of OUS 

'^'^T^IT;ZS':^6T^ T^^^cor^rr. that this transient expression system can rapidly 
and sL^SVdetLlne if close structural and/or functional analogs of ABA posse^ gene-.nducing 
S/irand^aJ. be used as a screen to identify analogs as potential inducers of gene express.on. 



EXAMPI^ 14 



Th« results from EXAMPLE 11 clearly demonstrate that at least part of the DNA sequences necessary 
?aTv r^SlSed ^ ABA (see page 4). This region of homology is at the promoter proximal end of and is 

by addition of 0.5 mi GUS assay/lysis buffer. All aliquots were assayed for GUS enzyme activity ana me 



results are shown in Table 7. 
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TABLE? 



10 



IS 



20 



25 



30 



Tr atment 



Sample 



1 

2 

3 

4 

5 

6 

7 

8 



Source of 
Input DNA 



No DNA 
No DNA 
pBM152 
pBM152 
pBMI 67-11 
pBMI 67-11 
pBM167-4 
pBM167-4 



[ABA] 



Specific Activity (pmoles 
4MU/ug protein/hour) 



0 

10-* M 
0 

10"*M 
0 

10-* M 
0 

10-* M 



1.02 
1.02 
1777.13 
1730.42 
1108.50 
2081 .18 
104.39 
560.51 



pBM167-4). (Compare Treatment Samples 5 with 6. and 7 with 8.) 

These results clearly demonstrate that the 56 bp oligo contains ABA-regulatory sequences that confer 
ABA regulation to the normally ABA-unresponsive 353 promoter. 
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EXAMPLE 15 



40 Expression of GUS activity In maturing seeds of transgenic tobacco 



45 



section "Stable Transformation of Tobacco". 



so 



55 
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TABLE 8 



10 



T5 



20 



25 



30 



Sample 


Promoter 
Construction 


Stages of Seed Maturity 


Specific Activity* (pmoles 
4MU/mln/ug protein) 


1 
2 
3 
4 
5 
6 


pBM1170 
pBM1170 
pBM1170 
pBM1130 
pBM1130 
pBM1130 


Very Immature (white) 
Immature (tan) 
Mature (brown) 
Very Immature (white) 
Immature (tan) 
Mature (brown) 


1,037 
307 
269 
2 

a 

29.000 



•Each value is tne average oi ^ 9<iinH«o ««^«m ...... ^ r^—- - 

transformed tobacco plant. Seeds from untransformed tobacco plants showed no QUS 
activity. Values represent activity over time zero in the enzyme assay 

Thft rasults of the above experiment demonstrate: ... * 

rTobacco pfants transformed with plasrT,id pBMIITO (Samples 1-3) ^^^^^ ^^'-f '^^^ J"' 
mulated QUS activity in seeds at various stages of maturity: from the very immature (wl^ile seeds) the 
TrlSSe (tan J^and the dry materu seed (dark brown). 353 is a constitutive promoter in higher plants 
and clearly shows its predicted activity throughout seed development. 

2 Tobacco plants transfom^ed with plasmid pBM1130 (Samples 4-6) show increasing amounts o 
accumulated GUS activity in seeds at later stages of maturation. This pattern of l"';^'^ 
sSjeTof transgenic tobacco seeds is similar to increasing Em expression in normal wheat seeds inducting 
S 4 fragment of the Em promoter (650 bp) linked to QUS is being regulated in a manner predictable 

'""^ wheat (monocot, is recognized and regulated in a norma, pattern 

in tobacco (dlcot). presumably by the increasing endogenous levels of ABA occumng in late seed 
development 
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Expression of GUS activity in transgenic tobacco seeds in response to ABA 

Binary plasmids pBM1170 (SSS-GUS). pBM1l30 (Em-GUS) and pBM3110 ("[^^'J^^^^^^^ 
into Aarobacterium and used to transform tobacco leaf disks by the methods outlined In EXAMPLE 15 and 
in thi^SSSfe Transformation of Tobacco, Immature seeds (tan in color) were removed fr^^ 
capsule as described in Stable Transfomiatlon of Tobacco and incubated for 24 hours on MX-med.um with 
or without ABA. 
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TAPLE 9 

Specific Activity* 
Promoter (pmole 4MU/inin/ 
S^niElfi Constrvction fABAl — uq protein) 

1 PBM1170 0 29 

2 PBM1170 33 

3 PBM1130 0 50 

4 PBM1130 160 

5 PBM3110 0 0 

6 PBM3110 lO-'^M 0 

•Samples 1 and 2 each represent an average of 4 seed 
samples (immature seed-tan) taken from two capsules 
of a single transf ormant . Samples 3 and 4 each 
represent an average of 4 seed samples (immature 
seed-tan) taken from two capsules of another single 
transformant . Samples 5 and 6 represent an average 
of 2 seed samples (immature seed-tan) taken from one 
capsule of one transformant- Values represent 
values over time zero in the enzyme assay. Seeds 
from untransf ormed tobacco plants showed no GUS 
activity. 

1. Tobacco plants transformed with plasmid pBM1170 (Samples 1 and 2) f owed no sti^^J^t^o" ^ 
QUS activity when immature seeds were incubated with 10-M ABA. These ^"'J te^^MPLE^? 
identic2 to the results obtained with the same constructs in the transient system (see EXAMPLE 10. 

^^"'^ ?■ Tobacco plants transformed with plasmid pBM1l30 (samples 3 and 4) showed approximately a 3- 
fold ^nlr^Tof Gvi aJ^tv^t^en immature seeds were incubated in 10-M ABA. When the P;o":oterjs 
':'^eZ:tsJle^i^o6 6)' o GUS activity is expressed. T^-e results are .^^^^^^^ to the results obtained 
with the same constructs in the transient system (see EXAMPLE 1 0. Table 4). -xoresaion of 

3. Results 1) and 2) demonstrate the ability of the transient assay to accurately predict expression of 
GUSin traj^sgenicp^te. ^ ^^^^^^ ^^^^^^^^^ T'f mbLs wh^n 

transgenic tobacco ?dicot) in the same manner as In wheat, i.e.. isolated immature wheat embryos when 
treated with ABA express the Em gene. 
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Development of Drought Tolerance In Plants 

The Em protein of wheat has been implicated in protection of the ^^l^^^ ^"^'"9 
(IVIcCubbrn et al.. Can. J. Biochem. Cell Biol.. 63:803-81 1 (1985) and Utts et ai Nud, "|%^^.3607 
36?8 (?9?7)) Nor^yluTiSTthTiifi-cydi-of the wheat plant. Em is accumulated only m the embryo of 
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seeds It will be valuable to express this protein, with its naturally ability to bind water, not just "? but 
frwh^n ante or specific tissue(s) that are experiencing unpredictable drought or water stress. Such 
^Jr^ln tSa^tsZallon of the Em protein will allow the plant or its affected parts to retain wat«r_ 

' WeTll^se the information gained in the construction of this invention to P™'^*^, f"-^"^^^^^^^^ 
^nnriifions A General response of plants to water stress or drought is to accumulate large amounts of ABA 
TaSected JsLe Jl Guerrero ^d Mullet. Plant PhysioK 80:588-591 (1986)). The ABA regulatonr reg to" 
Of *e1m prar^oter will be used to over-prodUETthTES^^rotein under conditions of water stress, resulting 

in tfie niant becoming tolerant to these adverse conditions. . ,_ »^^t 

In SmdrM Se described a "56 bp ollgo". containing 50 bp region of the wheat Em promote . tha 
was suSntlo A^ regulation of GUS. We have operably linked this inducible ABA regulatory reg on o 
me Em promote with the constitutive 35S promoter of CalVlV by synthesizing the 56 bp ol.go such tfiat .t 
Tan inserted into the EcoRV site present in the 35S promoter. The 35S promoter w.11 provide the 
po^mi^e Sdirsequen-Ss necess^ for transcription that have been removed from the ABA regula- 
tory fragment Thi? chimeric promoter will then be operably linked to the coding region of Em^ Such a 
consSt when stably transformed into plante. will direct the low level expression of t^e Em protein 
coStut^;ely throughout the plant. However, when endogenous levels of ^^^'^^^^^^' ^^^ 
conditions, an over-production of the Em protein will result due to the presence of the ABA regulatory 
sequence, thereby protecfing the tissue experiencing the water stress. 
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Claims 

1 A nucleic acid promoter fragment comprising a nucleotide sequence from the 5 ^^^^^^P^^l^' 
reoion of a Diant gene homologous to the Em structural gene of wheat, said promoter fragment be ng 
Xn^Ie in SnJ^^ed plant cells to compounds possessing ABA-like activity such that the expression 
Of Sna s^quen?es tor selected gene products operably linked on the 3 side of said promoter fragment can 

be controlted. with the proviso that said promoter fragment Is "^V^"''""^'''!,!?^!! ABA-like activity is 

2 A nucleic acid promoter fragment of Claim 1 wherein said compound possessing ABA-I.ke activity is 
selected from the group consisting of ABA. Compound C. Compound D. Compound E. and Compound R 

3 1 1deto acid promoter fr^ment of Claim 2 wherein said compound possessing ABA-I.ke acfvrty is 

^^^4 A nucleic acid promoter fragment of Claim 1 comprising a nucleotide sequence from the 5 flanking 
promoter region of a plant gene homologous to the Em structural gene ^^J^-^'^^^nrAB^Si^^^^ 
^ng responsive in transformed monocotyledonous plant cells to ^^^"^ ^^^T^^} Se ^ 

such that the expression of DNA sequences for selected gene producte operably linked on the 3 side of 

^Tr^^cTT^^oTeX:^^^^ Claim 1 comprising the 5 flanking promoter region of the Em 

'*^TaSc°L^S promoter fragment of Claim 5 comprising the nucleotide sequence of about 1850 base 
pairs running in the S^direction from base pair position 0 to about base pair position -1850 with reference to 
the translation start codon ATQ of the Em structural gene. 

7 A nucleic add promoter fragment of Claim 5 comprising the nucleotide sequence of 640 b^e pairs 
running in^he 5 direction from base pair position 0 to base pair position -640 with reference to the 
translation start codon ATQ of the Em structural gene. 

a A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 254 base pairs 
runntg irJie 5' direction from base pair position 0 to base pair position -254 with reference to the 
♦ranQiaHnn Start codofi ATQ of the Em structural gene. 

9 A nuSc acS^ promoter fragment of Claim 5 comprising the nucleotide sequence of 50 b^e pairs 
runr^ng in the 5' direSion from base pair position -189 to base pair position -238 with reference to the 
50 translation start codon ATG of the Em structural gene. 

10. A substentially pure preparation of the 5 flanking promoter ^^S'"" f ^ 9^"^^^"",^ ^^^^ 
homologous to the Em structural gene of wheat capable of being oP^fal^'y 

nucleotide sequence tor a selected gene product and incorporated into a recombinant °NA const^d for the 
transformation of a plant cell such that said promoter region is responsive to a compound P°sse^ ng ABA- 
« ike aSty to control the expression of said nucleotide s quence for a selected gene product .n said plant 
55 like ^^'^^'^^^^^^^^^^^^^ I, Claim 10 wherein said gene is the Em gene of wheat and said compound 

possessing ABA-like activity is ABA. 
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12 A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 1328 base 
pairs corresponding to base pairs l to 1328 in Figure 3. and any mutation or derivative of said nucleotide 

'"^"3" A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 640 b«e pairs 
corresponding to base pairs 689 to 1328 in Rgure 3. and any mutation or derivative of said nucleotide 

'^T4 A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 254 base pairs 
corresponSng to base pairs 1075 to 1328 in Rgure 3. and any mutation or denvative of said nucleotide 

''"TA nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence 0,50 ba«e pairs 
corresponding to base pairs 1091-1140 in figure 3. and any mutation or denvative of said nucleotide 

^Te"^A' recombinant DNA construct capable of transforming a protoplast comprising y^f^^^^ 
ie. « . "t";,^,„. . !> ^ 4 s s 7 a 9 12 13. 14 or 15 and a DNA sequence for a selected 

?"top.ast to a cSZd X-ing ABA-like activity'said DNA sequence for a selected gene product ,s 

^"''TrA recombinant DNA construct capable of transforming a protoplast comprising ^ nucleic acW 
promltar fr^^Tnt of Claim 1 and a DNA sequence for a selected gene P~^"^\ '^^^^ 
pZoter fragment wherein said DNA sequence for a selected gene product .s the sequence for 

glucuronidase^ DNA construct capable of transforming a protoplast comprising a nucleic acid 

promL f-imTnt of Claim 1 and a DNA sequence for a selected gene product operably linked to said 

promoter fragment wherein said protoplast is a rice protoplast. ^^„„riei„„ = nucleic acid 

19 A recombinant DNA construct capable of transfomaing a plant cell compns ng ^ "uc eic acid 
i», M recomoiiiaii ^oiAKft-7flQi2i3i4or15 a DNA sequence for a selected gene 

a selected gene product is expressed. * ^ r*,«:^<. i o-^dBeySQiaia, 14or 

^ 20. A plant containing a nucleic acid promoter fragment of Claims 1. 2. 3. 4, 5. 6. 7. 8. a. i^. lo. 

^^ 21 A rice plant containing a nucleic add promoter fragment of Claim 1. 

22. A tobacco plant containing a nucleic acid promoter fragment of Claim 1. 

23. Seed obtained by growing a plant of Claim 20. r^.^j^^ . 9-^456 789 

24. A plant protoplast containing the nucleic acid promoter fragment of Claims 1. 2, 3. 4. 5. 6. 7. 8. 8. 

12 13 14 or 1 5. 

* 25 A rice orotoplast containing the nucleic acid promoter fragment of Claim 1- 

11 A ?^slSt assay method to evaluate the likelihood of expression of a selected gene product m a 

construct with a compound possessing ABA-IIke activity, and (d) '^^^^^^1'^^°'"'' '^'^^ 

„«n« nroriuct axoressed in response to said compound possessing ABA-like activity. 

' 27 The mTr^^^^ whe,«in said DNA sequence for a selected gene product Is the sequence 

a desired time^^^ of Claim 29 wherein said compound possessing ABA-like activity is selected from the 

drought conditions comprising a nucleic acid promoter fragment of Claim 15 inserted into the CaMV 35S 

"""^^^A^ecombmant DNA construct capable of transforming a plant comprising a nucleic acid 'ragment of 
Claim 3? Xe Em strucLral gene of whSat operably linked to said fragment, such that upon encountenng 
Sw-water" condMons resulting in the endogenous production of ABA. said plant produces ttie Em structural 
protein. 



32 



EP 0 335 528 A2 



33. A plant containing a recombinant DNA construct of Claim 32. 

34. Seed obtained by growing tlie plant of Claim 33. 

35. A plant of Claim 34 wh rein said plant is rice. 

36. The Em promoter fragment inducer compound 2-fiuoro-5-1-hydroxy-2.6.6-trimethyl-4-oxo-cyclohex- 
5 2-en-i-yl/-3-methyl-2,4-pentadienoic acid. 
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